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PREFACE TO THE 

PROCEEDINGS OF THE 29th ONTARIO 

INDUSTRIAL WASTE CONFERENCE 



The Conference Planning Committee and the Technical Program Commit- 
tee express their appreciation to all those who contributed to the success 
of the 29th Ontario Industrial Waste Conference. We surpassed the 500 
attendance objective for the seventh consecutive year with 532 
participating in the 1982 Conference, a most creditable representation 
considering the economic climate at the present time. 

The success of every Conference depends on the program, how it is 
conceived and it's execution. A particular thanks to the Program Commit- 
tee for re-introducing "the plumbing papers" for this year's Conference. 
From the interest, attendance, and comments, all were well received and 
appreciated by the delegates A special thanks to the authors for their 
conscientious preparation and delivery, and to the session moderators for 
their excellent chairmanship and the management of their program 
segment. This combination made the 1982 Conference one of the most 
favourably commented upon in recent years. The contents of these 
Proceedings will demonstrate why. 

The Conference sponsor, the Ontario Ministry of the Environment, thanks 
each delegate for their registration and participation in the 29th Confer- 
ence. This support enables us to continue to attract high calibre papers, 
stimulating speakers, capable session moderators; ail of which combine to 
make the Ontario Industrial Waste Conference one of the premier confer- 
ences to attend during the year. Our 30th annual Conference will be held at 
the Prince Hotel in Toronto, June 12-15, 1983 inclusive. You are invited 
and we look forward to another rewarding idea and information exchange 
on topics relating to industrial abatement, pollution control and waste 
management. Interest your business associates, and bring your spouse. 
There's no better "conference package" in Canada when you consider 
investment and return. See you in '83 ! 




J. Walter Giles. 
Conference Chairman 
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not have a formal text. Consequently, 
no formal paper is available for 
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lUU lii^vb Ai.Li ^bbu IHt hLALiLlNti?.... 
"HCL' tuloUno bulLb uk- iN 1ft bLui • " 

"t)ILAt^ t rtooLU l*LtlIi-0 eAhhl/li UVtH fc'Co lti>l." 

"lUAit f-Ai3lr.Aji lit- ul- iiit ICtbt^O.*' 

"lUAU FiOiiJ^ l^LAi- tUh iLiAlC ^^AiiiL IhLAlCitN'l k-L^N." 

"AJAA **Ablt iilC wt-lb (jU-Aht-AU, Htvitrt t'HUCti^ C/*LLt.L A SHAM." 

"l.< 1,0^31 ticb Lilt-b rUh bUi'it-lNG hA^AMJuu;a fHiaitb," 

"Uljnh 1^ l-UloUw, rtMi'lLiUU v.UKAl. rtAhitb," 

"U.^. hbt'uHl CiiLi) ILLiNL^b t^-U^l fUlijUi.^ Ai fALLb LUKt," 
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ihLit MhL oU:)l A ttLf, Uf 'iHt hLAuLlNtb CULtLU l-HUM Mi 1-lLti) CN WASlb MANAGhMLM 
HUb ihcl CUMt. i<ul r^Lt^ AhMi ib ^UfiLilMb5 CALLtb IhE £>tN6A'i iLhALiti'l t'HESS bUi 
H<Or. int. .'lUHc oUIJt.^ Ai.t i>LFlUUb jUU^l-ALb IN InHtt CUUr- iH lEiJ . • . . IHL GLOBL ANO 
'•^Mii^, ii.LijUiJluo inc. ^ht-OM ON bo^iht^b ^lCHLIi, rhOK iht Ntn ]((j»<h ^l^'t& ANL iHk. 
l-t.. oClt-Hilol Ut uh'tHl DKI'IAIW, 

i-UilCu. Inc. ^^l ^^uhL^j Ii^ iliLbt HtAbLlivLi . , - ILAlLir liAiAHCUUS, t'Ul^UN, DUMP, 
nftoiLo, Ct^iblS, ii.tU^lrl Ai>L GUVt.M<^lt.t«l. 

L,t.i t- L hL-Ab^iL-ntJLC. i n t r iiilOhiLl Ahb Mhl'it M LwK HLAULlKC-, 1 1 bUX^f "THfe. 
i'lf.ulH ;>tii.:> A (JhAc^lo iw CUP^HLttNCt, Uvth GUVthftht-f-i AMi IKUOia'lHK HArtULlPiG UF 

i ouot- r.L 1 f'O^i ur (uO **UULL MUHct IHAi lb A AiLhLi litLU tUoLlC vlt-ApLlM tVbU 
it lUi. ulu^'l mijL Aio^r.t in^i I'l Wati i*.\ AtCuhAit Lrtt , 

L. i^^, luu i nw vc ftA iCntL Jht t vULoi iu** ut int iL^liC rtAbiKt LtcAlh, IHL HULL Uf 
Iht. uc-b !• tblA, InL- rt wLLA J ILh Ut Mj^c **hL rLt-r Ihi-LhHAilLh A^L iht I, t V tLUtntN'i 
Ut lui LiL uhiwiUi. LJ. int bULot.Ll, 

i-AChhL CAroUi. ' l^^JL^, biijcul 6lHh(j, fubi-ibbtL ^0 ltAt-6 AG*-/ lAbWCHtL IHt GHtAl 
I't-Li^Wt "-M, iuAlC LntMCALb At ^ uCh Aii Ai»i olhGLh tvthl . uUhinG IhAi UtCAUfc. CAbtb 
Lirvc. I i.L bllr.u Uf Lh[\t trXt nt, I bni Lf. t b tofcLlC CLnCchi* AbLUl hLLLUllUh. 

I lit, r.Ci-Lur I oCAnh., Lr I ^ V i' hUCU^btb tbbblt Allt MXOW Uh l^ACt COl* 1 AM 1 N AN'l 5 Ab A 
tr.AL, Hi.b oLl'iuj^) ncHLii. IhbtAl. in lis ftMb t-ULLLv.tL cl lilt LlbtLvthl Uh MlhhX ANb 

inc. bioLuwr.hi ur n-t.t CAi.^L ir. iV'/V bhUUGHl hAiiAbbuUb ehfiCAL wAbit UUM^b 'lU 
mc 1 Urc. rtb H or.t-Mt'HlL lobLt »- 1 i n 1 N int UvLhALL btbAlt ui. iftLUblhiAL t^ULLU'llUN, 

in 15 A Mb ',UlC^bl rbLLO^.tb hi AC lb HAli^ fthlLh v*Ab btbChlHtb At kit tVtf. GHtA'itK 
irint'ii lU t.^Uf* tn . lrL,..iL.. i , 

iUAlCo ncCMi-iL « LLi-.^L.^L I utt-b ftUhb Ab ;>Clt.ftGt i*Nb IhbOblJ- I CL^ol^tU lU blAhl 
Ut. IcC 1 II. <^ int. t^HNx Ir^MLt CL^•lA^a^A^lb IN UuH AJh ANb ^Aitf- At\b ALL ihlS »AU 
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lU Itit Frtbl inhht. MAU btLft MANlf LUCAL UhBAltfi ALUU1 LUMPlivG bU'l MUS'l OF THLM 
ChX^lHtU Uh Iht UlbfLbAL ijt KuMCit^AL hAis'lLfa. 

bui iH IHb LA61 UbCAUh 'iHt fUbLiC It* CANADA, AND t^Ahl ICbLAt^Li IN GN'IAKXU nltH 
ALL iib iHiJU6it<l# tiAb titCOML hOhhlEb ABUU'l 'lUXiCti IN IHt liN H IhUNMLNl AND IHE 
yUL^jliUN aA^: AhbKt AHt 'IHE tOlbUN^ COMInO rhUN? IHL AN5^£H nACa I'Ht'lIX OtiVlUUS. 
IHhi v^tHL CuMihO thLH iMJ(j&lHlL& ANU IMJUS'IHIAL DUKt^. 

etLUi'i.t, IhCLUUi.No HLt'UhltHS ANU Li) ilUHH » LUU^tD lU GUvtHNMtN'16 lU aOLWE I'Ht 
f^UbLtM, Irt Ihlb CAfit. A'i iii A fHUVlNClAL OUVthhWtNi HtifC N6 It iL i i ll BUI HtCOHU 
Ut OUVLWrtt-hlb HAii attl^ VtHX SHjil'Jt. 

tUK hAAMfLL UivfTAkiU'ii brtVlHUNMEM MlNiS'lHl COhMiiS lONtU 'Infc. ^CLAHt.N t^LPUK'i 
rtrtlCH aA^ HtLLAriEu hlirt NuCH ^A^FAi^h iN iHt MLL U^ ISVS, 

Ihhft ibb (jUrfbKi'JMt.Ni tui iJ£ tUUl IN li Bi UESlCNAllNG IhL SCUlh CAlfUGA Slih, 
'IHh Nbrtc MbUlA JuMt-bL bw 'iJ-ilS CAttb Iftlih ChAhGbS IbAl t-uLlliCAL tPPUH'lUNlSM taAS 
lAMivG fHbCbUbhCt LVbl' PUbLlt iNlbHbbl, 

ibb CiUVcMiMbt'rii HAL ibb oAt LUCK lU bL whUNG IN ili) ANL A£ A HbtiULi WL HAVb 
LUiii iHhtb IcAKb li- Ibb bA'ilLb Tg UnU btllEh UiShGSAt SllES tCH HAZAHDOUS 
AA6ibti. 

Ai A ilUb bl-i-bCl Ihc. tUbLlC HAS bbCUhb bvEN WLHb bUSPiClLUS L* GUvEHNMENlfi' 
bANUljlivG Ut Inb rtAbib Llbt-GSAL ItibUb. 

iribt^c. nA6 iJbbH u.^b CA6b Of ANU'lhbH Ut t-AlLEL AlifcMFlfi 'iC LISPOSE Oh wASXES; 

PCb bUHi-.;> IN MibbiSSAUGA CAhHlbU UU'l wllbLjU'l tUbLlC CONSUL! A 1 iUN ANU IHfc 
CUUftLlL idt-N bAi-^S AhK rUhlhbh A'il'bhP'lli Al LlSfLbAL, 

Al'lbMF'lfa lU t^Ul A ^^ASib LlfifUSAL PLAN! IMU AJAA ANL Al Gi»E FUlN'X THE HfcAHlNG 
fAKbL «Ab Utith-KUbbL rthbN il 6A1U IbiS v»AS A bAL 1LEA» bU'l i*iNALLl THE 
GUVLhiihtiv'i SCwAt'fbi; Ibb t^LAN . 

Plans lU iiUhb t^CbS ii^ ^ilLULbPUH■i SHLLVEL Ai-lth l-UbLiC CPPGSIIIGN, IHE hALKEH 
bHulhbHS VUAHKi CASb, Ihb ^ILGE LANUlr ILL CASt A'i CHA'lHAN ANU, Qi CUU8SE, IHE 
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LAiLiai CAtit, ii> nib bXUOi'FvlLLE UUM'. 

1h LACri CAbL Iiih ivLAb MLUIA hA£> PLAlbli A CKUClAl HULt IN DhtlNlfiG THE ISSUES 
ii» IHt tlJtJl.i.C Lltt. 

tiAut, .^t. IN iML clbulA tihbN ACCUhA'ih Uh HAVt th£ bttU MAMfciljLAlbL) ? 

i nUh'i ii%i iu ihLLi iik- Ihi. t-UlMlia hUH tACH SlLt, i'i'S BblONU Hi HLSQUHCbS lU 
Af«ALUt ALL int i'^A»i NLMS ^fe.LiA-- NLh&fAFtHti, hALiU AND IbLlL V iSXON-- AND lHli,lH 

I iHiJ^h ANi kukLiHib nUuLD t INU A PAlCHwOh^ Ot S'iOHUS CAHHUNG UfXNIunS r^QM 
nulti biutb Ut inc. ubaAlt Ub'i ObNthALDi fLli^ii^G UUl 'IHb fhAHS Uk iht Cl'U^&ENS 
ANO voXCiuG bU.al'iCiUN Ui! OLiVbKNhbM AftU INDOS'ihKi 

bUCiL ur lUu miGlii ACCUbL Ihb Nb^b MbUiA (jt tilUll'tO ni'ill Ihb Ci'll^bNS VhHiLb XN 
fACl i^'n/4l jLUU AKL lchLXHO ^I'i'h XS 'IHb bbf^bhAL FhAC'lXCb UF Xhb MbUXA XN 
rtbfc'Uiu ift\j lVLi<«16. 

Hbl'uH'icn.^ Mivu bUilUh^ (ViLL USUALLY LX51bN lU AN^UNb kvHU Sbbf^ii iU HAvb A SlUHK 
it) ItLL, 

li. U)b CMbL Uf r^Abib Ulbk'UiiML Ihb SCbNt tfha itfi tUh CX'ilZbi^S iU Gbl A 
bimt-AihbUL HcMKiivO rhuK 'iht thtii6. XHbhb HAL tibbN bhCUUH CASES Ul- XNtJUSl'hXfcS 
ANL OOvCHf'MblvXS rAXLXhO i'U t-HUFbHLk LXS^bSb tt- <Jh Xb^ULAU LXCiHUSAL Uf MASttS 
iMMi Itic. dbtUb or dUiit'XCXuN nbhL SUwh XN 'IHb HlNUb ut- ihb VUtiLXC. 

ihth tiL AChc CUlvrhUi^ibL bl fihA'l Ai'^bAnbL XU bb UNUbHLUWfi.«i UHUXhAHk CXlX2lLN5» 
MUlHbHd Aiih cnXLuhbh i» ihbXh AhMS# tAH^bhS* LAhlbHij bVbN SbCb HULiX XCXANbt 
Xhbi Abht ALL oiHOXhC. ihb NUW MrlXLXAh SUNG... NUl XN Mlt bACMAHU iUU UUN'T* 
lUU AhL r<ui OUiiib XL k-uXbUN uS nXlh lUUh ^LULr l^iJb^l^XAL viAS'lbS. 

So isb hAvK A CLhS£iXC CUi^r HLMA'UUft SXiUAXXUN, UNb ftHXCH ALML&i'i XN&.VlXAbL)( 

UH (ji«b bXLti. XiVLUSiHjC SAIS hb CAN*'i Ai! f UhU bb'XXbh UXSI'USAL Uh XI XS NUl 
AvAXLAuLb IU US Ut^ ihb r.ASibS Ahb ivUi k'hUVbN HAhl^t-UL in ANi (^ASb* 
OuvbhnMbt* iS saH ni: riAvb 10 k'Ui ihbSb nAS'XbS SL^bt^Hbhb• 



nhl ohuubu Mb iA^t. IhtM. Atil it* kt*i CAbt., th(jVt. IhAl Kuu AHh rvU'i GUlNC lU 
FUliiUiH Ui) AhU CAU6L tiihih Ut^tCib AftU CAhCth hllH ChtWlCALti LtAMHti INTO UUH 

iht hLA;:> ftbUlA Ahh Ltt i IL 'iJ-<^ 'Ju tiUH'i UU'i CCMf'ALlClUKlf AnO CbNh USING BUS (Ji 
Irti-UKMAAlUh. 

UhulwAhl IhlLLLli^tl^Ch AhU A LUl ut GtNthAi LXPLULNCb IN Lli-t, HAVE i-hEUt-btNlS 
lu nu»<^ r hUH. 

11 1^ lh;?! lu Sbc A bulji tklNG uw ittc. b'lhhLl AmU COhCLUUt XhAl MUHUtl< wAb 
CUMM 1 i LI.', 

rtt, CAl- LUhMcNl t-KLf, UUh l'thi)lJNAL hXf CHltNCt AbLUl 'Itit HHCS ANb CUNS Of 
bt,ClfalUN;j bi XKLiuiJihi Aivb GL VLhNMLN'i Ui- AGHiCLL'l Uht , CUrtSl^'LJC i iUN , 
lHrti^;:it'UhlAilUw rti-f MLll/iHi HAhbwAhb. 

bu'i AiibH U CU^lb^ 'iU bV^ULA'ilNG IHb bthbC'ib Ut tAHlb Fbl' tHi-LlLN UP A ChbMlCAL 
fthUisb i.rtML i-iUoi UP U6 CA1>.'1 bVbH PhUhOUwCb vvb AHb 5AlLiNG AW'iL UNtAMlLlAH 
iLhM'lOt-.i . 

wc. lUH.x iU bClbiMl i61i fUH Ihb Ahbwbhi) AMJ Ui- IbN blNb ihti biiAGHbt AMONG 
'lntw:>K.L(.t.o Ui, lilt ULil>Ain, bt^bCl Ut- lUAlCti Ahb Ch hfjt^ mIjC" ii: bANGbHCUii, 
Amu.^,c. rtfiu hPbNUo llHt wUbbllUMNG IHb bAFbhli UN hUh Itibi 3bl £>Atb LbvEbi* IS 
IuIjU Ihbi Aftt, tOuCAitb Gut-iSbS, 

*c bbi-iLLiJ Urt iiiUr<Hjt.iJbuGlt)lS 'lU ILLL oi) v^Hblhbh 'IHb CribMCALS wILL LbACh 
'IH^uuGH IHt, aUlu Al.b hLlG^ Ahb IhlU CJUh U^l^^il'^G ftAlbH. bLKbll^bi iHtX DlSAGhbb. 

iiU ..c. trti^L. dMCr\ u;. ihb i h/ib 1 1 lUftAL AtfUACn AtiU hbfLt<l ftHAi ALL SlbbS AHt, 
bAi J.1.0. 

ftiiU IHb Clliib.-'o ohuui-^ HA\b inUAi* AN b vbh-lhGl'bAiilhG Sbf tilS'l ACAIIOW AbOOl 
riUft iU Gbi lllbih vibnt-Ulivl lulu tMhi ANb UHlU Iht Alh. 
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1.4 ^UHt CA^Jbb i rtUULL ^A\ A hUUbfciViI^b XS UOiNCr A bt'i'lLH FUULIC HbLAliONS JOB 
ruh ht^ biut inaN OLVt^NMtN'16 ANL ihUUSlHibb mhL hAVb INtChMA'liUN UEPAFlMLNlS 
Cb^lii.ij nuhUhcU^a ui i^^uubA^tl:>i) Ut uULLAHb. 
Ahhl Aht, IMC MbCtiAMCb Uf GhlllNO Ihh biUMfc.6 iC Ihfc fObLiC? 

A nt.'M) uHtKAilUt4 CUN^i^i^ Lt A ^sLHiLb Ut hbl'UhlLHbf h.ui'lCH& titiii f HU'iQGHAI'HbH& • 
ijUUMi^v, Ml IML rtlbhAbCiii Ot A NK^iifAfth tUH tAAhFLt ItbU hAi't IHt tUHOH OK Xhfc 
FAFLh Ai inc. lUf ut IHt NLnti OFLhA'iiUN. Inb tUl'i(ji< ib HhStuNtiXbLL KUH IHk, 

vchALL ht,Ab CUnibhi InOUOH UN A LAhOL k-kyth hb th :ihb nlLt NCI Bb INVULVLU IN 
iht UMi-iu-UAi CnulCb Ul: i^Hjbl Ut 'Inb bUUWibS. 
Int bL'l'luh ib In UlhtCl C'HAhOb Ut IhL bbi'iUhlAL tACb AfilCM i^ iHb Ut^lNlGN PAOb 
f itiL Nti.-;>f hf bh Mi>>L lo bLFAhA'lbu hhUH 'Inb tiLhii Sxbb. 
iiir.i. luu nAvL iht. iob..6 ULt'Ah'l^bnl A GhUtt U^ hbfLi^'lbhti ANb bUilUhb aHC CULLEC'l 
Mi.L> KL.ll inE. ntLt>^ ^luhibb I'l ii> IN Inib LbfAhifibN'i JLU Ahb fLbl Li^bLk lU tlNb 
Mi^ tH V irUlMMciM i ot-tClALliii bOLh AS Mlt^itLt. 

IN AbUliiuN lUU 'tAi nAvt. A t-bA'iUhb l^bfAhlHbM IN Ihb i'keit** AhlCH nILL AbSlON 
Ahim^^ lu uo L.u^ot.^ ^^Ibhibb Uu ibbiit^b , INtLbUlNC ftLbU'llCM. Ih tAC'i IHbHb MAX 

bt oUPit LJvtKLAi- ot,lrtct.iM rtiiAl A tbA'lUht wHlibH Vbtb AM; wHAl A rtbwS HbPOHTbH 

ii^ int. iLbK^l^lUi* Ai^L hAL'iij b'lAliUhb Yub U^UALLl UU hU'l hAvb AN bDl'lUHlAL 
iJL^HhiNLi^i ULCAuoti hi^'iu^ ICALtJl Ihbl nAVb NLi dlvbN iMtMbbLvli:) Ah LUi'lGHiAL 
^LUi Xi. itit. bMl r uh iht. buMuh bUllUh lb LAt^hb^^ nib UFiniUN:>, nOALVbh lUU mXLL 
Otl oui-t, LAiCi Ur i^t»b fLKfcLNALllibiJ MiHtU 'It Alh IhtlH fthiChAL UFlMONia ON A 
vAKlLi I ur ibaiiLb, 
IN bb<*LhMb :3iuhic^ Lr ALL h ihUti Mhb PhUVlLbi' B^ A bbhibS Lt f^tANS, 
Uwb ut iML MAlK iuUhLt-i ut ANflJhMA'liUW AHb Ou V LhNwbN'l 6 bUhbH IrtHUUCjh THbiK 
t'OOLic i/LuHlL^ Uh ItihCUioh &'iUblbb 'inbi ubLiebhA'lbLX ht.Lt.A6t. IL inb nbl^lA, 
hbMiLhb ur lliL euDLiC Uh tULiLlC iN'ibt<k.i>l bhUbt:: Uh tbUfLt ii^ INLUSIHX hll^L AL&U 
CALL Uh Iht l*t,A;j i'lLLlA hllh hlbtcb Lit iNt- Uh^A'i ILN i h b It aAM IC bbb MALb PUfaHC. 
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Ut 1th LtAU iU iJTUHitij . 

LLlb lAht A ilHlCAL ^jlUhY INVULVliiO wAbit D16PUSAL. 

itlt 6Cb»AhiU U6UALLX blAKlS «vilh iNUUtiihX Lh GLVthlsNtUl UH tit'ih ANNGUnCING 
inrti iHti AKb FbAwwlNO iU ChhA'lL Uh t-At-AMJ A wAS'lt U15FU5AL Si'Xt, IHIS WILL 
I'hUOAbLi LbAU iU A ^AlhLl SlHAiChllr UbAAl<U b'itjhX ANNOliNCiftC Ihfc PLAN. 

Irit LULAi. CliliLut) t^tAl/ iHt ANNUUA.CtMh.M'1 AND UtClDt Ullij lis A BAD UtAL KUH 

^UMCO^b CHlib^ IML tHL^& AND IhAl b'iAKib IHb bALL HULLING titH ihb UE'FCjSlilQN. 
IHb LAbLCH i^AK tLXtht^b AhXlHlhG 1: hOM A vAGUb C'UNCbHh 'i(j A •sbLt-UUCUHEMbO bEtF , 
COMfLblt ftllrl CilrtlluNS r h^J^ bCltwlii-iC JUUhNALi . 

A MLft Ur ihb MaGIi^ ^UrLi Abb 6fUhbiS A»L inb HbFGhltH Uh bbllLH nHU GLl "IHb 
CALij ^liHhiC? wOl«bL^il'G it- IhhHb 16 A iiiUHl nbhb. 

inbht lb ALKbAtJi m ^luhi JN Ihb l-ALl ittAl ihb iilih iH ANMJUhCbU AmD £U IHb 
Uk^fUi^ti-io AKb t^ivhiM intih tAi A6 FAhl Ul* IHb JUUhNALliliC f^^ltttlfLb IHAl bU'lH 
Sii^tLi) ut- A LAbt Lfb^brivt: lo bb HbAhU. 

1 CAi^ IbLL iUU bntjl*! fthtoUNAL bA^'bMb^Cb IHAl Ifti'ih hAblb UiSt-CbAl. bllbS IHb 
HHtObr-AilUH in iiiL Ltu/iiL. CAh Vbhi Vbhl UhSA llbt ilfiG r UH IHt hbt-Ghibhfi AwD 
bulluho AtiO AHb iMLlhO iU l>AKb Mbwb OUDOMbnl^ Ab Ihbx Ou . 11 '£ ALL Vbf^K wbLL TO 
i>Ai Uibfvt Ahb lUAlC CHh^;lLALi INvULVbD BO'l IN MAwi CAiibb *.t CAwNUi Gbl A CLbAh 
lUbH Ut- iHb I'lAGi^llUlvt ut Iht ■IhKbAl. 

tbUtLb iHhUA 1.. ^aiUHlti) ALUUl MbCAhKiaCbb AND CAi^CbH Ih A CtHlAlPi AHbA AND 
AiiKibUiL iilA'i lU A i^tArbi 'iUAlC DUhl: UH 6UMb i^b^'iiClDb tit^t^AilhO PHUGhAH. NU 
ui«t M»u.-.^ nMMi ittt i'LiiL AN5V^bh li> iU Irtt i»br.b WtDlA UAnhX IHt ALLbGAllUNS AND 
nb nAvb iU bbAVL 11 iU t-bUHLb IU MA^b uF IHbih UhN MiNU& AUUUl CAUSb AND 
bl-tbGi. 

i.H inc. LM6b ue" ^iUul-i- vlLLb i 'iHliMh I'l li IN'lthtij'i ii.O JhAl IHb CiUZbniJ 
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Ut^t^uiiiiit^ tAFAWfalUW LI" Ihh bbhir LtLibtH A'l tL J( UShL ttPih AS A ntAPCJN. "BfllER 
t-ANiCiSt-LJ itiAi^ DLAu," IhLX tAib U|- 'IHtiK CA^)i■AiG^. 

i iHiiW- ihfc KObi ACCU*<A1L £UM^Ahl[ 1 CAi* ^A^t Ut htf^S rttt-lA AlillUiJfcS IS THAI 
At Aht ibivblitb lU t.fr< UN ihh blbt Ut CAbllUft. it ftfc. SUit'tCl IhtHfc 16 A HUMAN 
Mt-f.Llh k'hUbLLt^ rtt rtlLL 6A)[ 50, 

i«UA i'M HUi Glfii^O iu Ci.AiK IHA'I NbvxS blUHibb A^E HbtiPuNSXbLt 1*0^ CAhCbLLlNG 
ftAfalt uiM'UiiAb t*HuJtClfa IN LN'lAhlU bUl i 'W SUHt iHt f^LfaS HAL Aw IMfUHlANT PULt 
In XiiL L'ti.Cl^iUi'tb. 

:30 AhtLhb AKt. AC Gbiht. ii. iHb t-UiuHt ON aa^IL Li&tU6Ai AM; AhAl iS IHt HULb Ot 
IHt i.tAo KfcUlrt.^ 

A rr.A icAr-b Auu int CUv^HmMlM 10L1> iib Itikht hAS A CI^IS1£. *i aLHE RUNNING QUI 
Uf ol-rtCt 10 uUMf uUp OMCMlCAi. OAhbAGt ANt. rtt hAL 10 t IrtU Ntrt SllfcS iO HtPLACt 
itit, VLu Ui'-Lo . 

t-i^MLLl iht t-nUvii>ClAL Ou-»,tHNWL»i iJiU i^HAl 1 i fchCULt hAvt LCNb iN IHt FiKSl 
k-LHLc, uH Hi LtHoi An>4l 41 ShObLU HAVb LONiinULb 10 bO tGLttMiNG tiit MCLAHbN 
Htfuhl. ii CrtLbciy fOb A ^t.Mi:O^H/ b'ltLl uf ALt Hit ALl thuA i i v tS ANU i-ULL PUbLlC 

Ii lirti) CtvtrtibU inL LiilAhiL A^Slt hAw AbLhhl^ J CthtOh Al 1U« 10 Litt USE iHt 
SilUi.iiui. bi CAnrili^G uuJ bt'lrtlLhb hhbLAhCn ANb COht UP »^i'lH i»th OF'ilONS, IN A 
i^Lftu LjCi^-oC ihio nAi: Ltb 'iO A C UUbl i\G-Ut' h FtHlOt il. fthiCH IHtHt AHt NO rtlNUMlLtS 
lU ilLl Ai r On Inc. KuKfchi, 
bL'wAlb Lnrtni'o oKuui- ftlLb tHUcAbbi Shi iht il^tlAbLt t Oh fthth iHlNGi> HEAi UF 

AOAli*. 

AS oOOii mS IhAl tihbUt ANHObNCbS A htt- SX'lt LH OHOUf Oi- SiitS lOU CArv tXPhC'l 
bUC/iL htolbt.Vlii lo oOL.jL A CMl-b 10 Ahrtt) 10 tf<OiLC 1 Ihtlh hhlGntlOJ^hUUbS , wHA'l 
HAft'tUb fyhAl bhftLi.bb lb i\ ^jl-hAl bhAt Oh ttOo 'iht INt OhHA'i J Of" IS nANULtO ANU ON 
iMt. rl^ol ii'iPKhSOlUi.b lolVLf. 10 IHt hUbblC. 
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^i(.^t^ roh Artliitiii^o bUi Ihtih i)UilABlLll x to*' WAilt, DlSk'ljSAL-- iHtN XCU «1LL 

ott H ^AiolvL ..ALL tr htislSlMNCt ANb Al Ihh bANt 'UKt A UHlHth tHUSlGN UF 
t-UbbiC Cuf^r iubi'Ct.. 

G^J*th^.^tl.l /*wb iHi>Ui»iM ^ufc■] bt CUMt-LLlhLX LANLlt li» MhNLUi'CihO 'Ihtih FLANb IN 
iiiL t-Uiuut it liitx Aht lu nAwt 'Iht ijLlOh'lLij'l hott. 01- k-UULiC SUfl'Uf'T. 

Iht-ht h06l bt, «U r.rilpf Ut- A LUVLK-Uf Ut IhKJh^A'l IUh , NO KAiiiih hLiw INhOCUUS il 
mAi AHt'hAn iU Ob. 

it IML ..AolLij Apt. culhhUVhS 11 lis ChUiCAL IHAl ihlS tt AChllltU iMMfcClAltLX 
H.W ttiMJ liiLrt. bt i.U bUljULfi ION Ut A CUvtt<-Ufc', hliJiOM HAS 6HLn ilMt AND ACiAlh 
IHAI Cut;L«-UHi> Ar'L UrtCb^hhtL Atib CHtUlblLllX lis 'lnH> Litfa'ihlJltL Ih IMfc PKUCtSis, 

fHiurriLbX luu CAii cAft.L'1 Iht ULnb htbiA lU fcL fh(jr4i nuu CtNihc IN Iht UbbAlt 
Ai^U LALbl^b lUU tbr lrttLhr,Al iOh, 1 MAX htLL bt Lht Lt- ihUfct. btPUh'ltHS. 

It lOU irti rIL Uf t .".llli fc-AtUiat;? rtntN 1 hNLift ILO hAvt jHt iNtLhMAilUh IHtN i 
kviLb riUiitrL I lUUb rLiHit-Lj. 

A C**n ui.bi Uiv«ob lUU lU bb Vfchi (JANblb ih xLUh btiiCH IH iUNia Lt whAi KUU AHt 
bUli<^ AlfU xiiMI inc. htLAllVt l<l^^i^ AhL MhL ib hLtt- Ot Ai< lNtbh^e.b I'UbLiC 
bi;3Cbo6lui^, 6lj-Cfc ililo lb A UfcMUChACX XUU \f>lLL Ititl* LlVL nll*l HtSUbilniO 
UtClblUkb dbl Al LtAt>i LL'l 'intl^ bt iNi-U^Mcb Lhhfc. 
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Business Perspect i ves 

DOES BUSTNESo HAVE ANY BUSINESS IN 
THE WASTE BUSINESS ? 

by 

James G. Temple 
District Manager 

Waste Management of Canada Inc. 
Weston, Ontario 

A hundred years from now your great-grc5 t-gr ^ndchi Idren 
are going to go down to the Royal Ontario Vuseum and see 
a Hkeness of ne. The inscription on the pedestal will 
rejd: Homo Landfillus Privr-^tus — Extinct ci rc.^ 1982. 

!iowever, unlike the Dodo or the carrier pigeon or even 
the brontosaurus, I doubt that we in the private waste 
nan^genent industry will bo missed. 

L':>st fall the Blenheim town council in Southwestern 
Ontario called for government ownership of tl^ie 
controversial Ridge Landfill, The councillors of thjt 
nice little fsrm community seem to have had it with 
private landfill operators. They suggested that the 
Ontario government set up a Waste Management Commission 
"o ov?rsee municipal and solid waste dumping. 

The i npl i cat ion seemed to be that pr i v^ te operators were 
incap.nble of disposing of w?ste without somehow making a 
nuisance of themselves. 
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Wore recently -- in fact just a month .^go — Ontario's 
12 regional chairmen said they were going to ?sk the 
Minister of th'? Environment Keith Norton to take full 
responsibility for all the la nri fills in Ontario. 

In this case it wasn't a dissatisfaction with private 
enterprise that united the regional rhairmen. They were 
upset because our landfill at Stoaffville had been 
ordered closed — even though the Environmental 
^ssess^ent Board had recommended that we be al lowed to 
-^xp-r'nd our Itindf i 1 1 working r- rea. 

The questions are: How did wo arrive at such an 
unfortunate state of affairs in Ontario? How is it that 
private waste management companies are being treated as 
if they are what they bury? Who or what forces are 
w€ running up against that are deter n in ad to keep 
private enterprise out of the waste disposal business? 



Is it our own mismanagement? Is there a conspiracy of 

bureaucrats determined to undermine our garbage empires 

— so that they can reign supreme? Has mass hysteria 

rbout pollution, Love Canal and Hooker Chemical driven 

the public into the protect iva arms of government — 

even though government is no more credible with 

environmentalists than we are? Or has the media done it 

all with mirrors — which reflect only half- truths and 

lynch-mob rhetor ic? 
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I've h f? a r H convincing ?rgunonts on all of those 
theories. Personally, I think the problem is one of 
social and political prejuiiice. Garbage, even one's own 
garbage, is repugnant. It excites a very strong 
distaste in most people. 

Every individual creates half a ton of garbage every 
year, yet when he puts it out at the curbside he doesn't 
want to see it or think about it again. Th?t prejudice 
against our own garbage is as at least as into^er^^'nt as 
the ancient Roman's feelings toward the Christians. 

3ut to get rid of garbage you can't feed it to the 
1 i ons . 

And as for recycling and recovery: Well then you're 
really getting into the area of science fiction. North 
America has had its share of huge expensive failures in 
this area. Systems that won't work. Systems that seem 
to be permanently in the "shakedown" phase. Systems 
th-it are too expensive to operate. And systems that 
make an environmental nuisance of themselves. 
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tn 1913 r. he Ontario ministry of the Environment 
predicted that 85 percent of all urban waste would be 
recycled by !9S5. But that was back in the days of 
flower children. Governments in those heady days were 
detormined to be on the side of peace c'^nd making love, 
not w^v, and turning gr^rbage into chocolate fudge. And 
is 85 percent of urban waste being recycled? Mo — 95 
percent of urb<?n waste is being buried — in la nd fills 
-- just like the one at Stouffville. 

I don't mean '■o imply that we are not making progress 
with waste m-^nagcment technology. We arc. And 

spectacularly, l^^any companies in North America are 
working on waste-to-energy technologies. And the 

Europeans h^.'^e been success ful in that area for nearly 
30 years. 3ut in Europe energy costs have been 
traditionally about twice as high as energy costs in 
^io^th Americ--^. And there is a critical lack of space 
for la nd fills. As a result of those factors the burning 
of w^ste for energy became economical in Europe and 
meanwhile they've made the process -environmentally 
acceptable , 
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In North America there are between 10 and 15 waste-to- 
energy facilities underway or planned and each of them 
has a good chance of success. But the installed 
ca pa city will be no more than 20,000 tons a day. In 
other words they'll only serve between five and ten 
million of the continent's 250 million people. 

The other 2*10 million people will have to bury their 
garbage. There's not:hing else to be done with it. 
Ronald Reagan rind Anne Gorsuch, his administrator at the 
Environmental Protection Agency, had the notion that 
Morth America's garbage should be buried at sea. That 
was a recent suggestion. And that faint sound of 
thunder you hear is the stampede ot environmentalists 
rushing to defend marine life. 

What about the environmentalists? Well God bless them 
they changed my business from one of trucking garbage 
and unloading it in the town dump to one of transporting 
urban w&ste to engineered sanitary land fills. We're not 
just "garbage men" anymore, we're engineers and 
hydrogeologists and lab technicians. Government 

regulation -- in response to the concerns of 
environmental ists -- has made professionals of us. 
Frustrated and half-crazy professionals, perhaps, but 
professional s just the same. 
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In Ontario, thp professionals from private waste 
disposal companies are up against enormous oHds if they 
intend to stay in the waste d isposal business. 

They must first find a site. They must be convinced it 
can be transformed into ■? ''^indfill wliich satisfies the 
unwritten standards of the Ontario Ministry of the 
Environment. They must satisfy the Ontario Vunicipal 
Board and a host of regional and local bylaws and 
statutes. They must persuade the Environmental 
Assessment Board that the site will be neither hazardous 
nor ~ nuisance to its neighbours. Then the Minister of 
the Environment -- whose decisions often reflect the 
advice of his ministry experts — must be prepared to 
assess courageously his political and ministerial 
responsibilities and alight on your side of ttio fence. 
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While this is oil going on of course you ^re likely to 
be set upon by neighbours end by friends of neighbours 
who have read about Love Canal, By that, I don't mean to 
trivial ize the health hazards connected with the random 
and Irresponsible unloading of toxic wastes on an 
unsuspecting public. But none of us here today are in 
that business. However, since Love Canal, even 
harmless household wastes are greeted with suspicion. 

Three years ago we at Waste Management of Canada had 
high hopes that our site at Maple would be one of the 
grandest and most celebrc-^ted landfills in the Western 
World. 

So far there has been very little to celebrate. First 
there was a very long hearing before the 
Environmental Assessment Board which we lost. Then a 
hearing before the Environmental Appeal Board, which 
gave us the go ahead, provided we lived up to 19 
conditions. And finally there was the sale of the site 
to Metropolitan Toronto. I must say with a sigh that 
that lovely big hole in the ground has just about become 
the grave of our dreams for a viable private land fill 
business in Ontario. And Stouffville could become our 
headstone . 
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The Stouf^ ille story is equally tragic and equally 
telling as far as private enterprise in the waste 
disposa 1 business in Ontario is concerned. 

The Whi tchurch-Stouf fville landfill in the 1960s was a 
depository for thousands of gallons of liquid industrial 
waste. But in this respect it was no different than 
many sites in Ontario, including those right here in 
Toronto. Those landfills all accepted large quantities 
of liquid industrial wastes. Some in the province 
still do. The difference is that the citizens of 

Stouffville have been made aware of the liquid westes 
in their neighbouring landfill. Most communities have 
no idea what is in their landfills; no analysis has 
ever been made. 
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At any rate, during six weeks of last Spring and Summer, 
we went to fln Environmental Assessment Board hearing and 
persuaded the Board that our management of the site at 
Stouffville was such that we should be allowed to expand 
our working area. The Board agreed and recommended to 
the Ministry of the Environment that we be al lowed to 
expand. But in the background there was a band of well- 
organized Stouffville residents who were determined to 
see the site closed. 

Their cam pa ign was quite effective. For starters they 
announced that they suspected that the drinking water In 
nearby private wells was being polluted by the 
landfill. But the Ministry of the Environment had been 
testing 13 private wells around the site for 15 years 
and found no evidence of pollution. And for the last 11 
yea rs the Ministry has been examining the water from 22 
test wells on the site without finding any evidence that 
the nearby private wells are threatened in any way. 



But the citizens conducted their own tests of wells near 

the landfill and publicized their findings. Their tests 

indicated they had found contaminated water near the 

land fill. So the Ministry — in defence of its own and 

its laboratory's credibility — went to work. In three 

days they conducted 3,000 tests on the water on and 

around the landfill. Result: several definitive 

statements from the ."Minister of the Environment. 
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"There is absolutely no indication that the drinking 
waters are contaminated by the landfill or any other 
source . " 

"We found no pesticides, no PCBs, no dioxins, and no 
hexachlorobenzenes. " 

"All the water quality parameters for drinking waters 
were within the Ministry's water qua]ity criteria." 

With all that praise, the Minister ordered the site closed 
by July 1933. Ironically, the site was not ordered closed 
because of the health issues. The Ministry cited other 
reasons. None of them were convincing, as far as we were 
concerned, so we appealed the decision. 

However, the Ministry decision does beg 3 question? Why 
go to a public hearing if the Ministry has the option 
not to attend or even review with care thio evidence 
taken under oath? 

Perhr. ps we should take a close look ct the hearing 
process. Certainly, if the hearings are meant to take 
ths heat out of a belligerent issue, they don't. If 
they're meant to give the public an opportunity to 
participate, they don't. If they're meant to air ths 
technical and engineering protocols, plans, and 
practicalities, they do. But the ultimate decision- 
makers in the Ministry en choose to differ with the 

Board's conclusions about them. 
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On the first day of ? hearing into a landfill, the 
hearing room is filled with concerned citizens and the 
mf»dia. Cn the second day, the story is in the paper 
and the concerned citizens and the media begin to 
wander away while the turgid technical details are laid 
out on the operating table, dissected, and quarreled 
over by lawyers and experts. If there is any more 
useless exercise it must be jogging on the way to the 
gui 1 lot ine . 

Besides the fact that the results of the hearings may 
have no influence on the Ministry, there seems to be no 
useful purpose for exploring in excruciating detail the 
engineering specifics of a landfill during a hearing. 

Wouldn't it be laughable if every bridge, tunnel, ship 
hull, automobile brake lining, and cake mix had to go 
through a similar sideshow in the public interest? Is 
there any less potent i til for hazard in ^ny one of those 
man-made projects or products? Then why should sol id 
waste landfills be subjected to a hearing which is a 
method ical, but useless, public autopsy? 
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Even the last two Ontario Ministers of the Environment 
h^ve recognized the absolute futility of the exercise. 
When interested members of the public demanded a hearing 
into the South Cayuga liquid industrial waste treatment 
and storage plant, Harry Parrott m.ide it clear that he 
had all the information he needed, thanks to a two-year, 
$425,000 study prepared for him by a firm of competent 
consultants. No hearing was necessary. 

But life isn't that simple these days. If people can't 
get a hearing, they can certainly be heard, and in this 
case they were. People Power sprang up in Haldiman- 
Norfolk, and Donald Chant, who now heads the Ontario 
Waste Man/^gement Corporation, asked for a new study. 
As a result Chant had to announce the site was "at best 
borderline" and abandon it. He now prowls the province 
his lantern held high looking for the perfect site and 
the least obstreperous neighbours, or is it the perfect 
neighbours and least obstreperous site. Tn any case he 
has 400,000 tonnes of hazardous waste in Ontario, all 
jwaiting a final resting place. 

And now we have Keith Norton, a likeable and sensitive 
lawyer from Kingston, Ontario. He too has a problem 
with the hearing process. The Toronto Sun has Norton 
saying: "public hearings are just one way people may 
make ^heir views known to decision makers," 
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"Public hearings tend to attract the same old groups 
with the same old predictable views." 

The San says "Norton suggested people wanting to have 
input try phone calls to open line radio shows and 

letters to the ministry." 



I £eel pretty much as the Minister does. Except that I 
do believe the public should have a forum where they can 
let the world know they do not favour a landfill in 
their community if that's how they feel. There should 
also be ^nn opportunity for them to challenge expert 
opinion, if th. ey wish. But only in areas where the 
technology is unproved. 

The purpose of public hearings should be to decide 
whether or not the public interest should prevail over 
the prejudices of the few. Endless days spent on 
technical details which can be settled ahead of time 
merely frustrates the hearing process. In fact no 
hearing should be convened until the government is 
satisfied the project is technically sound. At that 
point the public can debate both the need and any 
possible social or human disruptions, including the 
likely impact on health and the environment. 

In .-^ny event, in the final analysis — private entprprise 
must ask, "does business h^^ve any business in the waste 
management business?" 
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Today in Ontario there are several private companies 

in the waste disposal business. We are well-financed, 
competent, and can take care of the majority of the 
province's waste, including hazardous wastes. Most, if 
not all waste technology comes from private enterprise. 
But we are not being allowed to use our talents and 
knowledge. And we certainly don't get the feeling from 
the provincial government that it's interested in 
working with us so that we can contribute more 
substantial ly than we have been a 1 lowed to do recently. 
If anything, we get the unshakeable feeling that the 
government is doing everything in its power to 
discourage private industry from operating in Ontario. 
I cannot think of a single new major waste disposal 
project in Ontario which is the result of private 
enterprise initiatives. In fact private industry is 
taking a smaller and smaller share of the responsibility 
for disposing of waste in Ontario, even though we want 
to do more. 

We're certainly not afraid to face a fair and reasonable 
hearing process. In fact we welcome the opportunity to 
discuss our technologies and our plans, and we do accept 
responsibility quite proudly. 



But in today's socia 1 and regulatory climate I'm afraid 
I would only recommend the waste management business to 

my children under the following conditions: 
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1. If there was a firm commitmont by the province to 
work with private enterprise in establishing waste 

facilities in Ontario. 

t* If there was an attempt by the Ministry of the 

Environment to establish clear and definitive 
regulations for the design and operation of waste 
disposal facilities. 

3. If the government had to study and respond within a 
certain period of time to schemes, plans, and drawings 
submitted to them for approval. 

4-- If 3 uniform approach to liability insurance and 
post-closing funding was required for all private and 
publ ic projects . 

;,5>„ If the government fully and evenly enforced its 

regulations, even if it meant an inconvenience to a 
government department or agency. 

^, If there was a public hearing on social in pact -"^nd 

public opinion separate from any technical hearings on 
disposal methods, except where a technology may be 
unproved or questionable for th^t specific site and 
poses a possible health or nuisance hazard. 



Otherwise I'm afraid you see before you a dying breed: 

the last of the private waste management professionals: 

homo landfillus privatus. 
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SUMMARY 

The Inco SOz/air process for cyanide removal was successfully 
applied on a continuous pilot scale basis to Campbell Red Lake barren 
solution. The process was operated for 5 weeks and consisted of two 
reaction stages with thickening and removal of solids between stages. 
Residual cyanide achieved was <1 mg/L CNj{total cyanide) and *0.4 mg/L 
CNw(weak acid dissociable cyanide) from feed containing 400 to 1000 mg/L 
CNy. Low residual metal assays were obtained in the treated effluent 
including Fe at <0.2 mg/L. Reagent consumptions (per g CHj in the feed) 
were 3.8g SO2 and 5.7g Ca(0H)2. The use of roaster gases as the SOz/air 
source gave excellent CN removal. 

Pilot plant results were completely consistent with bench scale 
laboratory results on the same effluent. 

Process control philosophy based on adjusting SO2 addition to 
the first stage using redox potential as the control variable was successfully 
demonstrated during the pilot plant campaigns. 

INTRODUCTION 

Waste effluents from a number of important industrial processes 
contain high levels of cyanide either as a free ion or complexed with heavy 
metals. For example, most of the gold produced in Canada is extracted from 
ore by cyanidation and effluents from gold mills need to be treated to 
achieve low cyanide levels before being discharged into the environment. 
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Various techniques for oxidizing the cyanide to cyanate using 
strong oxidants are reported in the literature{l-ll ) with some excellent 
reviews of the field also recently appearing(12,13). Of the methods known, 
only alkaline chlorination is commercially practiced. This method, however, 
has several serious shortcomings, namely, high reagent costs due to thio- 
cyanate being oxidized prior to cyanide, formation of highly toxic cyanogen 
chloride as a reaction intermediate, contamination of the effluent by 
chlorine, and incomplete oxidation of the cyanide complexed with the iron, 
which remains in solution as Fe(CN)6^ and has the potential for release of 
free cyanide at a later time. 

A new method for oxidizing cyanide in solution has been reported 
by Inco Metals involving SOa/air as the oxidant and dissolved Cu as a catalyst(14) 
The potential advantages of this process are: 

. removal of both free and complexed cyanide, especially 

complexed with Fe, to achieve effluents containing total cyanide 

(CN:j:) of <1 mg/1; 
. very rapid kinetics at room temperature; 
. low reagent consumption because SCN.' is only slowly oxidized 

under the preferred operating conditions; 
. low reagent cost because roaster gas can be used as oxidant 

where available or low cost elemental sulfur can be burned. 

Details of successful laboratory treatment of a wide variety of 
Canadian gold mill effluents, both barren solutions and tailings slurries, as 
well as a number of other industrial waste waters, were reported in two pre- 
vious publ ications(15,16). The next step in proving the commercial viability 
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of the process was to increase processing scale to pilot plant size. The 
design, operation and results of the* piloting is the focus of this paper. 

The piloting was carried out at a facility constructed at 
Campbell Red Lake and we gratefully acknowledge the interest and help provided 
by the mill personnel. Operation of the pilot plant was conducted by Inco 
Metals personnel for a total of five weeks with the last three weeks being 
24 h/day continuous mode. One of the important parts of the work was to 
demonstrate that the laboratory data could be scaled up for engineering design 
at other locations. 

SUMMARY OF PROCESS VARIABLES 

The overall reaction for cyanide oxidation with SOa/air is 
postulated to be 

CN:[ + SO2 +02+ H2O ■* CNO" + H2SOU 

Extensive studies on a wide number of effluents have been reported previously 
(15,16). These studies showed that the reaction is catalyzed by copper ions 
in solution, presumably as Cu in the presence of CN~. The amount of catalyst 
necessary is somewhat variable depending on the specific effluent being 
treated. 
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The order of metal cyanide removal is Zn>Fe>Ni>Cu. The Fe 
cyanide complexes are reduced to the Fe state by S02/air and the insoluble 
salts Me2Fe(CN)6.xH20(Me - Zn. Cu, N1) precipitate during treatment. Following 
the removal of Fe in this way, the remaining Cu, Zn and Ni ultimately report 
to the solids as hydroxides. 

The process works 1n the pH range of 6 to 11 , but a range of pH 
from 9-10 is preferred for practical application. Temperature in the range 
4-60°C has no significant effect on the process. SO2 concentrations between 
0.5 to 10 vol.% have been shown to work, but for optimum oxidation efficiency 
a range of 1-3 vol.% SO2 In air is recomnended. 

Previous work on effluents containing N1 indicate that total 
removal of cyanide in one stage cannot be achieved because of the back-reaction 
of N1 solids with thiocyanate. Since Campbell Red Lake barren liquor contains 
Ni , both the small laboratory reactors and the pilot plant were designed with 
the capability of two stage operation with solids removal between stages, 

CONTINUOUS LABORATORY TESTS 

Experimental Procedure 

Laboratory tests were carried out using two 0.7 liter capacity 
reaction vessels placed in series(Figure 1). Sulfur dioxide was added into 
each vessel as 2 vol.% SO2 in air with most of the S02('^'75%) going to the 
first vessel. The experiments were conducted at room temperature, keeping 
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a pH of 9 or in some cases 9.5 to 10, using a lime-water suspension 
(38 g/L lime). When needed copper was added as a cupric sulfate solution 
to the feed. The reduction-oxidation potential (Redox) versus the standard 
calomel electrode(S.C.E. ) was monitored in each reaction vessel. 

Results for Campbell effluents 

A range of samples having variable compositions were studied in 
the laboratory apparatus. Typical results on two effluents are given in 
Table 1. Both of these samples contained Ni and the effect of solids removal 
between stages Is shown for one of them. 

Effluent A 

This effluent was most typical of average Campbell barren with 
about 500 mg/L CNj and 30 to 70 mg/L of Cu, Ni , Fe and Zn(each). The effluent 
contained sufficient Cu for catalyzing the CN oxidation and therefore no Cu 
addition was made. The CNj was reduced from 500 mg/L to 20 mg/L in reactor 
1. Following solids removal the second stage achieved 0.3 mg/L CNj and low 
metal assays. Reagent consumption was 3.1g SOz/g CN^ and 5.2g lime/g CN_ 
compared to a stoichiometric requirement of 2.5g S02/g CNj. 

Effluent B 

This effluent had an atypically high Fe content and required Cu 
addition to the feed. Results with and without intermediate solids removal 
are given in Table 1 . 

These results show the substantial improvement in effectiveness 
of the second stage when solids have been removed, as the CNj in the treated 
effluent was decreased from 6 mg/L to 0.6 mg/L. Low metal contents- were 
also achieved. Overall reagent consumption was 3.0g SOa/g CNy. 
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PILOT PLANT CIRCUIT 

The pilot plant circuit comprised two 2 m^ modified flotation 
cens(Figure 2), one 50 m^ thickener and one 3 m^ lime slurry tank. Liquid 
sulfur dioxide was delivered from one ton cylinders through SO2 flowratersand 
injected into the a1r stream prior to entering each reactor. Air was 
delivered by a compressor and flowrate measured by differential pressure 
for each reactor. Maximum delivery rates were 4 m^ of air and 280g of SO2 
per minute per reactor. Feed liquor was flowed at from to 80 U.S gallons 
per minute. The reactors were covered with openings on one side. The gas 
phase above the liquor In each reactor was maintained under a slight vacuum 
collecting the gases into a duct connected to the plant exhaust system. 

The pH in each reactor was controlled by lime slurry(40 g/L lime) 
added through solenoid activated red jacket valves which were connected through 
amplifying relays to lab Radiometer titrators. The pH was measured using 
Corning lab electrodes adapted to Radiometer pH meters. The lime slurry was 
circulated in a close loop from the stirred lime tank thereby maintaining a 
positive pressure to the red jacket valves. Commercial hydrated lime was 
used for lime slurry make up. The redox was monitored in the first reactor 
using laboratory Radiometer equipment. 

Continuous operation without intermediate solids removal was run 
by cascading reactor 1 (Rl ) directly into reactor 2(R2). When intermediate 
solids removal was desired, the Rl effluent was pumped to the thickener and 
the thickener overflow was flowed by gravity to R2. In each case R2 effluent 
was pumped to a tailings pond surge tank. 
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Copper sulfate solution(50 g/L Cu ) was pumped into the 5.1 cm 
diameter feed line at an adjustable rate. 

PILOT PLANT RESULTS 

Effect of Solids Removal Between Stages 

The results of two campaigns with and without intermediate 
solids removal are given in Table 2. During these campaigns the feed was a- 
typically high on both CNj and Fe and the process parameters had not been 
fully optimized. For this atypical feed Cu'*"'^ ion was added 
as a catalyst. These results compare very closely with laboratory results 
{Effluent B) and again show that removal of Ni-containing solids is required 
to achieve low residual CN^. 

Use of Roaster Gases 

The use of roaster gases as the oxidizing reagent was tested 
briefly(8 hours) during an early campaign. At the time of this testing, 
intermediate solids removal was not practiced. Excellent results were 
obtained, as sumnarized in Table 3, with the R2 effluent down to 1.6 mg/L 
CNy, which were very similar to the laboratory results for high CN-j. feed 
(see Table 2). The high reactivity of hot roaster gases may account for 
the high SO2 efficiency. Roaster gas SO2 strength was not measured during 
the test, but we calculate that it was about 0.6 vol.% SO2 on the average. 

Roaster gases were not used in subsequent campaigns because 
they were not continuously produced at Campbell and the reliability of SO2 
addition rates was low for the purposes of the optimization of the pilot 

circuit. 
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Process Optimization 

Our major focus during the latter campaigns was process 
optimization and development of control techniques. Despite having sufficient 
Cu already in the effluent, some Cu addition was continued to buffer possible 
variations in effluent composition and probable xanthate interference. 
Detailed results of this campaign are given in Table 4 and plotted in Figures 
3 and 4 as a function of time for the 100 hrs of operation. Actual sampling 
was done every hour and combined in 4 hour composites. Cyanide concentrations 
1n the feed, Rl and thickener were determined by the picric acid method which 
does not take into account cyanide complexed with Iron. Since Iron was below 
0.2 mg/L at all times in Rl and the thickener, the CNp is in principle equal 
to CNj. The CN- and weak acid dissociable cyanide, CNy, were analyzed in the 
final effluent by a distillation technique{17). At the very low levels of 
cyanide achieved In this process, the cyanide analyzes performed in the plant 
environment are accurate only to <1 mg/L. 

The data shown for this period can be summarized as follows: 

(1) The residual CNj achieved in the treated effluent was con- 
sistently <1.3 mg/L with periods, often as long as 24h, of <].7 mg/L. The 
weak acid dissociable cyanide{CNy) was consistently <0.5 mg/L and usually 
<0.2 mg/L. 

(2) The Fe is essentially all precipitated in Rl down to <3.2 
mg/L in solution. 

(3) The reagent consumption was 3.8g SO2 and 5.7g Ca(0H)2 per g 



of CN-j. In the feed. 
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PROCESS CONTROL 

Results from both the laboratory and pilot plant treatment of 
Campbell effluent showed the necessity of removing Ni-containing solids In 
order to achieve the lowest residual CNy. Since the final N1 Is precipitated 
from solution after all the Fe and Zn have precipitated, the optimum two-stage 
process is achieved by minimizing the CN-p in reactor 1. When CN- is plotted 
vs redox for reactor l(see Figure 5) using all data obtained from the pilot 
plant and laboratory tests, a clear CN-p minimum is found between +90 mV to 
+130 mV(S.C.E.) 

The process control for Campbell effluent was to control the SOj 
addition rate to Rl maintaining +110 mV redox, and to have an excess of 
required SO^ constantly added to R2. This control philosophy was tested 
during the last campaign at the pilot plant and was found to be valid. Other 
effluents will probably require a different process control strategy. 
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TABLE 1 









LABORATORY 


TWO STAGE 


CONTINUOUS 


RESULTS 








Intermediate 
Solids 
Removal 


Stream 


PH 


Redox 
(SCE) 
(mV) 


CNt 


SCN" 


Analyses 
(mg/L) 
Cu Ni 


Fe 


Zn 


Reagents Added 

(g/g CNt) 

Cu++ SO, 


Lime 


Yes 


Feed A 


9.5 


-230 


i 

500 


279 


55 53 


66 


53 


- 


. 




Rl 


9.0 


+50 


20 


190 


24 14 


0.6 


< 2 


2.28 


3.24 




R2 


10.0 


+50 


0.3 


178 


0.2 0.6 


0.2 


<.2 


0.85 


1.63 


No 


Feed B 


11.1 


-50 


940 


230 


39 20 


118 


63 


0.13 


- 




Rl 


9.0 


+120 


12 


- 


1.8 6.8 


1.0 


<.2 


2.71 


3.79 


1 


R2 


9.5 


+140 


6.4 


170 


0.2 1.2 


1.6 


<.2 


0.90 


1.26 


1 Yes 


Feed B 


11.1 


-50 


940 


230 


39 20 


118 


63 


0.15 


- 




Rl 


9.0 


+145 


10 


175 


11 3 


<.2 


<.2 


2.71 


3.86 




R2 


10.0 


+80 


0.7 


176 


0.6 0.4 


0.2 


<.2 


0.27 


1.27 



TABLE 2 
PILOT PLANT TWO STAGE CONTINUOUS RESULTS 



Intermediate 
Solids 
Removal 


Stream 


PH 


Redox 
(SCE) 
(mV) 


CNj 


Analyses 

(mg/L) 
Cu Ni Fe 


Zn 


Reagents Added 

(g/g cnt) 

Cu ' ' SO2 Lime 


No 


Feed 


9.5 


- 


780 


54 36 94 


76 


0.13 




Rl 


9.0 


+90 


37 


24 14 3 


<0.2 


3.5 5.3 




R2 


9.5 


- 


12 


2 5 0.7 


<0.2 


0.5 0.8 


Yes 


Feed 


10.5 


- 


900 


57 33 87 


78 


0.11 




Rl 


9.0 


+80 


53 


50 4 6 


<0.2 


3.0 4.5 




R2 


10.0 


" 


2 


2 <0.5 <0.5 


<0.2 


0.4 0.6 



^^ 



TABLE 3 

PILOT PLANT TWO STAGE CONTINUOUS RESULTS USING ROASTER 
GASES WITHOUT INTERHEDIATE SOLIDS REMOVAL 



Stream 


pH 


CN-i- 


Cu 


Analyses 
(mg/L) 
N1 Fe 


Zn 


Reagents Added 

(g/g cnt) 

Cu^+ SO2 


Lime 


Feed 

Rl 

R2 


9.5 
9.0 
9.5 


890 

TO 

1.6 


55 

8.0 
0.4 


35 80 
7.4 0.2 
1.6 0.4 


35 
<0.2 
<0.2 


0.09 (1.5)* 
0.02 (0.7) 


2.3 

1.1 




O.II (2.i) 


3.4 



* SO2 consumption was estimated from I1me consumed. The actual vol. % SO2 
for the roaster gas was not measured. 
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TWIE 4 
PILOT PLANT TVO STAGE CONTINUOUS CYANIDE REMOVAL RESULTS 



TIME 
(h) 




4 

B 
)Z 
16 
20 
24 
26 
32 
36 
40 
44 
48 
,- 52 
56 
60 
64 
68 
72 
76 
BO 
84 
B8 
92 
96 
100 



CNr 



654 
680 
630 
590 
600 
610 
660 
664 
644 
640 
600 
560 
550 
590 
500 
530 
490 
530 
410 
330 
390 
470 
490 
520 
560 
560 



FEED 
Analyses 

("9/L) 
CNS- Cu Nl 



ft In CN 



REACTOR 1 
KiaTyses"" 
(ing/L) 
CHS" Cu Kl 



50j ftedoK 
Fe Zn (g/g) SCE 



CN, 



THICKNER 
Analyses 
(mg/L) 
CNS- Cu NI Fe 



In Ctij CN^ 



165 



170 



175 
182 



63 55 l< 105 27 - 15 14 <.? 

62 53 15 96 *1 - * ?2 

63 54 14 105 27 - 7 13 
62 56 15 105 39 - 4 21 
57 52 12 95 <3 - 5 24 
55 57 13 lie <0 135 4 25 
57 60 15 105 66 - 4 40 

62 6! 14 96 38 - 8 21 
57 62 20 95 10 140 12 6 

63 57 20 95 12 - 9 11 
67 57 21 95 25 - 7 15 
67 60 25 74 9 - 15 11 
76 68 32 74 4 145 10 7 
89 72 35 102 10 155 26 9 
61 62 33 80 62 - 5 29 
76 68 37 99 70 - 4 37 
71 66 37 99 60 - 5 34 
59 57 34 84 51 - 3 28 
53 45 35 62 34 - 6 17 
46 42 28 65 41 - 1 23 
57 40 35 76 40 - 15 20 
63 44 39 69 34 - 34 10 
53 36 42 63 73 - 80 10 
48 28 39 56 30 - 36 5 1 
43 34 36 71 2 - 8 7 <■ 
41 26 35 65 2 - 12 < 



4.73 
4.55 
4.91 
5.24 
5.15 
5.07 
4.27 
3.36 
3.10 
3.13 
3.34 
3.64 
3. 38 
3.08 
3.64 
3.43 
3.71 
3,43 
4.16 
4.41 
2.68 
2.22 
2.78 
3.49 
2.92 
2.92 



215 
203 
188 
165 
193 
198 
211 
99 
88 
133 
163 
123 
113 
110 
168 
190 
190 
200 
182 
186 
161 
132 
75 
90 
125 
110 



21 
35 
32 
32 
37 
37 
41 
40 
34 
18 
17 
7 
5 
2 
20 
45 
51 
50 
42 
31 
42 
39 
34 
33 
11 
3 



130 



140 



150 
150 



28 1 

25 1 

16 1 

11 20 



8 28 

8 2 

8 1 

6 1 

7 1 
5 1 

13 1 

24 1 



15 
10 

7 

6 

4 

3 

23 18 
39 10 
60 
34 
20 



<.2 



7 


0.4 


0.09 


6 


0.4 


0.09 


7 


1.0 


0.12 


10 


1.0 


0.12 


10 


1.0 


0.12 


11 


1.0 


0.12 


12 


1.0 


0.12 


11 


1.0 


0.12 


8 




0.46 


8 




0.46 


7 




0.46 


3 




0.46 


3 




0.34 


2 




0.34 


4 




0.34 


5 




0,21 


5 




0.21 


3 




0.21 


2 




0.21 


1 




0.21 


3 




0.21 


2 


0.6 


0.6 


2 


0.6 


0.6 


0.2 


0.6 


0.6 


1 


0.7 


0.19 


1 


0.7 


0.19 



REACTOR 2 
Analyses 
(ng/L) 
CH5- Cu 



115 



127 



132 
130 



1 

1 
0.5 

1 
0.5 
O.S 

4 
0.5 
<.5 
<.2 
<.2 
<.5 
<.2 
<.5 

2 

[81' 
16) 
[3] 
[31 
[2] 
[1| 

[311 
1 

1 



Nf 



<.2 
<.2 

2 

3 

3 

3 

3 

3 
0.5 
0.5 
0.5 
0.5 

.2 
0.2 
<.5 
13J» 
(81 
[8] 

i;i 

(31 
<.5 
<.5 
<.2 
0.2 
<.2 



<.2 
<.2 
<.2 
<.2 
<.2 
<.2 
<.2 
<.2 
<.2 
<.2 
<.2 
<.2 
<.2 
<.2 
<.2 
f.2 
<.Z 
<.2 
<.2 
<.2 
<.t 
<.2 
<.2 
<.l 
<.2 
<.2 



CONDITIONS: 



FEED : Cu*^ added In line. 

R1 : pN 9, soi added: variable (see Table) 

THICKNER: pH 8.3. 

R2 : pH 9.8, SO, added: 0.73 q/L feed 



7n 



<.2 
<.2 
<.2 
<.Z 
0.5 
0.5 
<.2 

1 
<.2 
<.2 
<.2 
0.2 
<.2 
<.2 
<.2 
<.Z 
<.Z 
<.2 
<.2 
<.2 
<.Z 
<.Z 
<.Z 
<.2 
<.2 
<.Z 



^ 
^ 



These high netal assays due to Inefficient filtering or slow hydrolysis. Samples allowed to stand for 1 day typically analyzed -^l mg/L metal, 
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FIGURE 2 



PILOT PLANT FACILITIES AT CAMPBELL RED LAKE 
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FIGURE 3 

CYANIDE CONCENTRATION VERSUS TIME 
FOR PILOT PLANT 
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FIGURE 4 



RESIDUAL CYANIDE IN TREATED PILOT PLANT EFFLUENT 
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SURVEY OF TRACE SUBSTANCES IN CANADIAN 

PETROLEUM INDUSTRY EFFLUENTS 

by 
Mike Heffernan, Chairman 
PACE Trace Substance Task Force 
c/o Texaco Canada Inc. 
Don Mills, Ontario 

INTRODUCTION : 

Slide The PACE acronym stands for Petroleum Association for Conserva- 
#1 tion of the Canadian Environment. PACE is a national, non- 
profit voluntary association of Canadian oil companies whose 
main objective is to find and put into place practical controls 
for environmental problems. 

One such problem which is receiving increasing attention from 
the public and government alike is that of Toxic Substances - 

Before I proceed with a discussion of our reports I would like 
to emphasize that all available information to date indicates 
that the so called "toxics" are not a problem in refinery 
effluents. 

In my presentation I will outline the background which prompted 
this study, I will discuss the scope of the program including 
the sampling and analytical methodology. I will conclude with 
a summary of the results and an analysis of the findings. 

BACKGROUND 

Slide The background begins in the US-. Following the Natural Resources 
^2 Defence Council consent decree of June 19 76, the U.S. EPA 

published in the Federal Register a list of 65 classes of toxic 
chemicals for which the agency must promulgate discharge control 
standards. These chemicals numbering 129 are commonly known as 
priority pollutants. 
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Similarly, in Canada the Environmental Contaminants Act was 
promulgated in 1976 which lists 26 compounds and compound classes 
as potential candidates for toxics regulation. 

In response to the U.S. legislation the API commenced a program 
to determine the concentration of the 129 P.P. in wastewaters 
from Petroleum Refineries. 

The results of the API study suggested that approximately 35% 
of the Priority Pollutants were present in refinery effluents. 
However, most of the pollutants detected are generally found 
at extremely low levels and are not uniformly present among 
refineries. Furthermore, pollutants that were detected in 
samples of feeds to refinery biotreatment systems were signifi- 
cantly reduced, or eliminated within the treatment system.. 

In 19 79 the PACE Water Quality Committee undertook the first of 
a series of projects to quantify chemical contaminants in 
petroleum effluents. The project is known as the PACE Survey of 
Contaminants in Canadian Petroleum Industry Liquid Effluent. 
The work was contracted to CanTest Ltd. of Vancouver who in turn 
subcontracted the sampling program to lEC Ltd. Both companies 
have extensive experience with this type of work. 

The objective of the project was to verify the U.S. results and 
to develop a reliable data base on Canadian Refineries. 

The information would be used for preparation of an informed 
and timely response to any public or government concerns 
pertaining to toxic chemicals. 

The study is based on a 5 year program which is designed to 
characterize effluents from a21 downstream sectors of the 
petroleum industry- Each phase of the program will be developed 
and undertaken as a separate study, with the previous years data 
being used to scope the following year's project. 

With this type of program structure we hope to be able to revise 
and update the study as the lists of priorities change and as 
toxicity data improve and new analytical techniques are developed. 
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SAMPLING AND ANALYSIS PROGPAM 

Slide In the first phase of the program we selected 6 refineries and 
#5 1 Tar Sand Plant for study. The refineries were selected to 
provide a diversity of processing methods, age and geographic 
location. 

slide Briefly, the sampling program calls for collection of two 12 hr- 
#6 composit samples at three points in each of the six refineries. 
The sample points were Intake, Feed to the Bio Unit and Final 
Effluent. 

Slide Five samples were collected at the Tar Sand plant - Intake 

^7 Water, Once Through Cooling Water, Mine Drainage, Dyke Drainage 
and Final Effluent. All samples were preserved as per EPA 
protocol and shipped air express to CanTest. 

Slide Samples were analyzed for 58 compounds. The list was compiled 

**S by selecting all compounds identified in the API study to which 

we added the chemicals on the EPS Catagory 1 list and all 

contaminants on the IJC list. 

Slide The analysis scheme follows very closely that outlined in the 
^9 EPA Protocols published in the Federal Register December 3, 
1979. 

The metals are analysed first by an Inductively Coupled Plasma 
Spectrograph followed by Atomic Absorption. 

Standard APHA procedures are employed in the analysis of routine 
parameters such as Sulfide, Phenol, Oil and Grease, PH, etc. 

The key analytical instrument used for the organic analysis is 
the Finnigan Gas Chromatograph/Mass Spectrometer. This analysis 
is backed up with routine Gas Chromatography and High Performance 
Liquid Chromatography for the PNAs . 
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QUALITY ASSURANCE 

Slide "^^^ analytical program included a comprehensive Quality Control 
#10 routine involving analysis of transportation blanks and spiked 
effluents to identify external contaminants and determine 
recovery efficiencies. 

Slide Recovery efficiencies were acceptable for all parameters except 
#11 the Base Neutral Group where the % recovery ranged from 76.5% 
at high spike con'centrations to 40% at low spike levels. 
Nevertheless these findings are consistant with values reported 
in the literature. 

The data from the study is contained in 24 tables in the PACE 
Report - 

In the final effluent we found 12 metals ranging in concentration 
from 155 ppm for Boron to 1 ppm for Selenium. We identified 29 
Organic Compounds with mean concentrations between 112 and .02 
ppb. 

All of this information was subjected to statistical analysis 
using the "T" test for comparing differences in means and the 
"T" test for paired data. 



This analysis identified what we consider to be the most signi- 
ficant compounds. There were 4 metals, a small amount of 
cyanide and 5 organic compounds. 

The conclusion we drew from this study were: 

1. First of all that biological treatment removes significant 
levels of heavy metals and other toxic organic substances. 
This feature is well illustrated in the before and after 
chroma togr am. 

2. That the levels of these so-called Toxic substances in the 
final treated effluents are generally of a low concentration. 

3. The types of compound and their levels vary from refinery 
to refinery. 



- 56 - 



Slide PACE in corporation with Environment Canada is now conducting 
^24 OJ^ l^as planned further studies to more completely and accurately 
catagorize trace contaminants in refinery effluents. 

A second study which has just been completed provides a compre- 
hensive characterization of all significant organic substances 
in refinery effluent. The purpose of this project was to identify 

and quantify trace organic compounds which are not on current 
government lists but were detected in samples analysed in the 
first study. 

The methodology for the project involved: 

Collection of one 12 hour composit effluent sample 
from each of three refineries. 

Samples were then put through a GC/MS analytical 
scheme involving: 1) Target analysis 

2) Survey search 

3) Confirmation 

Slide The project has identified 5 groups of compounds which are 
#15 considered to be present in "significant" quantities . 

The predominant substances included xylenes; substituted benzenes, 
naphthlenes and phenanthrenes; and substituted phenols. 

The effect of biological treatment is evident in that the 
parameters were found at much lower levels in effluents than in 
the intermediate treatment waters. 

Slide The third project which we call our Variability Study is in the 



#16 



Draft Report stage. 

The objective of this study is to determine the variability of 
concentration of selected compounds at a particular refinery - 
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A 24 hr composit sample from the intake and effluent were 
collected once per week for a 15 week period. 

These samples were analyzed for the predominant compounds 
identified in the previous studies. 

In order to properly evaluate the variability in concentration 
which is attributable to the refining operation it was necessary 
to accurately determine the analytical variability. This was 
accomplished by incorporating a rigorous QA/QC into the overall 
analytical scheme. The primary difference between this study 
and the previous work centers around the use of deuterium 
labelled compounds. 

In this study a number of deuterated chemicals representing many 
of the compounds under investigation were added to each sample 
analyzed. These deuterated compounds have different molecular 
weights than the corresponding authentic compounds and can 
therefore be separately quantified. In this way quality control 
data can be generated for each sample analysed. 

Slide The recoveries of the purgable compounds was as expected, 
#17 extremely variable with mean recoveries in the high 80s and 
standard deviations ranging from 16 to 69%. 

The recoveries of the base neutral compounds were lower than 
the purgables but were less variable with standard deviations 
of 15 - 34%. 

The recovery of acid extractable compound was lower again. The 
mean recovery of Phenol was 30%, 

Slide A preliminary review of the results of this study indicate that 
#18 the average concentration of compounds in the intake and the 
effluent appear to be similar for many compounds, which would 
suggest that the refinery is not contributing numerous organic 
chemicals to the receiving water. 
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Slide However some compounds can be directly attributed to refinery 
#19 operations (Phenol and Pentane) and as this slide indicates, 
the effluent concentration of the other compounds do on 
occasion exceed the inlet concentration. 

Our fourth project this year is a Study of the Fate & Transforma- 
tion of Selected Contaminants in a Refinery Treatment System. 

The first three programs have confirmed that biological 
treatment is an effective process for removing trace organic 
compounds. The objective of this project is to determine where 
the organics have gone or what has happened to them. Are they 
stripped off in the areation tank? Are they biologically 
degraded or are they absorbed on the biomass. 

This program involves the collection of 5 consecutive 24 hour 
composit samples from 8 points within one refinery. 

Slide I would like to conclude this presentation with a quote by 
^21 John Hernandez deputy administrator of the U.S. EPA from his 
testimony before the Senate environmental subcommittee. 

"Contrary to the agency's initial concerns, we have found that 
well-operated biological treatment systems can effectively 
control many of the toxic materials of concern," 

"For example, our technical analyses of the petroleum refining 
industry show that the traditional biological treatment methods 
required by the regulations for conventional pollutant removal 
can also reduce organic toxics and phenols by 95%. 

Because effluent guidelines for controlling conventional 
pollutants provide treatment that is also effective in controlling 
toxic organics and heavy metals, further control measures may be 
unnecessary for certain industrial discharges . " 
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PRIORITY POLLUTANTS 
SELECTED EXAMPLES 



PURGABLEORGANICS (31) 

BENZENE • TOLUENE • ETHYLBENZENE 



II BAS E/NEUTRAL EXTRACTABLE OR GANICS (46) 

NAPHTHALENE • DIMETHYL PHTHALATE • ANTHRACENE 



III ACID EXTR ACTABL E O RGANI CS (11) 

P HENOL * 2-NITROPHENOL * p-CHLORO-m -CRESOL 

IV PESTICipES/PCB'S (26) 

ALDRIN • HEPTACHLOR • TOXAPHENE 



V METALS & INORGANICS (15) 

ARSENIC • CHROMIUM • CYANIDE 
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International 
Environmental 
Consultants Ltd. 

\fancouver/ Calgary/ Toronto/ Montreal 



- 62 - 



OBJECTIVE: 
PURPOSE: 



SCOPE: 



Develop a Canadian data base on 
trace contaminants 

To provide information for 
preparation of an informed and 
timely response to any proposed 
"Toxic" legislation 

Five year program 

Characterize effluents from all down- 
stream sectors 

Each phase undertaken as a 
separate study 
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SIMPLIFIED SCHEMATIC FOR 
WASTEWATER TREATMENT 
SYSTEM - REFINERY 
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SIMPLIFIED SCHEMATIC FOR 
WASTEWATER TREATMENT 
SYSTEM - 
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LIST OF 58 PARAMETERS 
SELECTED FROM: 

• API 1978 Priority Pollutants Study 

• EPS Catagory I List 

• IJC Guidelines for Control of Toxic 
Substances in the Great Lakes 
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r iLi.o 

5AMrLF 



PRESERVATION 



ANALYSIS 
TECHNIQUE 



PARAMETER 



SOO rrd, 

HNO3/K2Cr207 



COLD VAPOR 
AA 



MERCURY 



SOO ml 



HHO 



1 C P 
NOU FLAME 
AA 



OTHFR KETALS 



1 liter 

Zn Ac 



COLORI- 

KETP.IC 



SULFIDE 



2 Liter 
H2SO4 



T3UJR1KETRIC 
GRAVIMETRIC 



TOTAL PHEWOL 
AK.-ON1A OIL 



& GK£A5E: 



1 Liter 
liaOH 



DI.ORIHETRIC 



TOTAL CYAN IDE 
FLUOR IDE 



4.5 Liter 

NO PR£S. 



CC - ECD 



pesticidf: , 

CROUP 



EXTP-ftCTlON 
pH 11 



4.5 Liter 
NO PRES. 



CC - MS 



EXTRACT! OM 
pH 2 



CC - MS 



HPLC 



10 nl, 
NO PRES. 



PURGE, TRAP 
DESORfl 

GC - MS 



BAS E NEUTRAL 
CO^'J0UNDS 



PHEriOLIC 
COMPOUNDS 
(Acid Croup) 



polyaromattc . 
hydrocarbons 



VOl-ATILC ORGAWIC 
LPurc-ahlf) 



Analytical flow diagram showing the field preparation and 
subsequent analysis of the sample aliquots. 
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QUALITY ASSURANCE: 

Contamination identified by Transportation 
blank carried through complete analysis. 

Spiked effluent sample used to determine 
% recovery. 
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QUALITY ASSURANCE DATA 



PARAMbTER 


IFVEL OF SPIKE 


AVERAGE % RECOVERY 


Metals 


.004 -.068 mg/L 


89.6 


Conventional 
(CN, F, Ammonia 
Sulphide, Phenol) 


O1-20mg/L 


91.1 


Purgeable Group 


40ug/L 


82.2 


Base Neutral Group 


66.7 ug/L 


76.5 


Base Neutral Group 


3ug/L 


40 


Acid Group 


66.7 ug/L 


83 


Pesticide Group 


2 ug/L 


82.4 
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SUMMARY OF RESULTS 



SUBSTANCE 



MEAN CONCENTRATIONS pC/L 








INTAKE 


INTERMEDIATE 
TREATMENT ' 


FINAL 
EFFLUENT 


% 
REDUCTION 


ARSENIC 


_2 


1 8 


6 


66 


CHROMIUM 


14 


360 


190 


47 


SELENIUM 





40 


7 


83 


NICKEL 


9 


27 


15 


44 


CYANIDE 


10 


130 


70 


46 


TOLUENE 


3 


1802 


208 


88 


BENZENE 





1706. 


226 


87 


PHENOLS 


9 


23500 


2040 


91 


NAPHTHALENE 


.0 


86 


7 


92 


CHLOROFORM 





5 


11 





A - Intermediate Treatment Water 




B - Final Effluent 




RECONSTRUCTED ION CHROMATOGRAM OF THE 
BASE NEUTRAL FRACTION FROM REFINERY 6 
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SURVEY OF TRACE SUBSTANCES 

(PACE /Environment Canada) 

PART 2 

Comprehensive Characterization of Organic 
Substances in Refinery Wastewaters 

OBJECTIVE: Quantify non-specific trace organic 

compounds observed in Part I 

METHODOLOGY: Collect Two 1 2 Hour Composit Samples 

from each of 3 Refineries. 

GC/MS Analysis as follows: 

a) Target Analysis 

b) Survey Search 

c) Confirmation 
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INTERMEDIATE 


FINAL 




TREATMENT 


EFFLUENT 


COMPOUNDS 


ug/L 


ug/L 


Xylenes 


400-5,200 


0-780 


Alkyl substituted 






naphthlenes 


1130-3895 


0-146 


Alkyl substituted 






benzenes 


Not Quantified 


Not Quantified 


Substituted 






phenanthrenes 


0-130 


0-15 


Alkyl substituted 






phenols 


1456-27955 


0-135 



- 74 - 



PARTS 

Variability of Contaminant Concentrations in 

Refinery Wastewater 

OBJECTIVE - Statistical Evaluation of Process and analytical 

variability 

METHODOLOGY- Sample one refinery once per week for 

1 5 weeks 

- Analyze for predominant compounds identified 
in Parts 1 and 2 

- Expanded QA/QC program 
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QUALITY ASSURANCE 

LEVEL OF 
SPIKE JLJG/L COMPOUND 



% RECOVERY 



100 D6 BENZENE 



'100 D8 TOLUENE 



100 D8 NAPHTHALENE 



50 DIG PHENANTHRENE 



50 ,D12CRYSENE 



50 D5 PHENOL 
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35 1 
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SUMMARY OF RESULTS 
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PART 4 

Fate & Transformation Study of Selected Contaminants 
in a Refinery Treatment System 

METHODOLOGY - Collect 5 consecutive 24 hour composit 

samples from each of the following sample 
points at one refinery: 

- API sludge 

- DAF influent 

- DAF float 

- Air exhaust from DAF 

- Aeration Tank influent 

- Clarifier effluent 

- Clarifier sludge 

- Air over aeration tank 

- Analyze for predominant parameters identified 
in parts 1 & 2 
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"CONTRARY TO THE AGENCY'S INITIAL 
CONCERNS, WE HAVE FOUND THAT WELL- 
OPERATED BIOLOGICAL TREATMENT 
SYSTEMS CAN EFFECTIVELY CONTROL 
MANY OF THE TOXIC MATERIALS 
OF CONCERN." 
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ELECTROCHEMICAL APPROACHES TO POLLUTION CONTROL AND RESOURCE 
RECYCLING IN THE METAL FINISHING INDUSTRY 
by 

Sam Mohanta and Sanka Das Gupta 
HSA Reactors Limited 
Rexdale^ Ont, 



Introduction: 

The metal finishing industry produces a complex waste water, which 
Is usually extremely toxic . The waste water can contain cyanide complexes 
of metals such as Cadmium, Copper and Zinc as well as hexavalent Chromium and 
lead salts. The usual treatment consist of breaking the complexes by Chlorine 
or hypochlorl te and then treatl ng the metals by hydroxide to produce a sludge . 
This sludge is usually toxic and as can be seen from figure 1 not all the 
metal species are adequately removed at any given pH. For example the optimum 
pH for Cadmium removal is 10.7, however at that pH zinc, copper and chromium 
arc appreciably soluble. Thus the conventional chemical method for treating 
waste waters from metal finishing plants are inadequate to meet strict 
environmental standards . Moreover the chemical method merely converts water 
pollution into solid pollution with resultant problems in sludge handling, 
storage and disposal and the ever possibility of leaching. 

Electrochemical Technology. 

Electrochemical treatment of pollution can be an attractive idea, 
because of its uniquely clean system with both oxidation and reduction reactions 
can take place via an inert electrode without the need to add chemicals. 
Using suitable electrodes, a variety of compounds such as cyanide can be oxidised 
electrochemically , while simultaneously removing metals at the cathode. 

Electrochemical treatment of pollution has been postulated for some time 
however, owing to unsatisfactory reactor design it could not be used to handle 

large volumes of water efficientlv and at a low cost. The development of a 

(1 2) 
carbon fibre reactor * has made it possible to achieve real time effluent 

treatment, at low cost. 

Carbon Fibre Reactor. 

The Carbon fibre electrochemical reactor radically changes the potential 
of electrochemical systems for effluent treatment . Most e 1 ectrochemical proct-sst-s 
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are limited by mass transfer rates and attempts have been made to develop 
reactors with improved mass transfer rates, eg. the fluidised bed reactor, 
the packed bed and other three diamensional particulate reactors. The limitations 
of these systems mainly stem from emirmous non uniform current and potential 
distribution across the electrodes . 

The primary design charecteris tics of the carbon fibre reactor is the 
increase in the mass transfer rates while simultaneously having a controllable 
and un i form electrode potential over the entire elt c trode surface . The carbon 
fibrus are produced by the high temperature pyrolysis of j>recursor materials 
sucli as polvac rvloni tri le and have very favourable properties as electrode 
materials because of its hard vi treous surface, electrical conductivity and 
h igh hydrogen and oxygen over vol t age liiarac t eristics . Addi tionallv the f ibres 
h.ivc a liigh modul us , iow dens i tv , good t hermal coiuiiit t iv i tv , lov. coefficient of 
tlicrma 1 expansion , chemica 1 inertness , g,ood resistance to therma 1 shock , good 
frictional characteristics, hlgli vibration damping factor and excellent fatigue 
resistance . 

Another important propcrtv of carbon fibres is their large surface area to 
volume ratio. The fibres are typicallv 5li to 15^*- in diameter and 1 gram of 
fibre has a surface area of 2.6X10 cm . This Is about 1000 times larger surface 
area per unit volume than other types of |iart Iculate electrodes . As a result of 
tlie increased surface area the mass transfer rates of the carbon fibre reactor 
approach those achieved by heterogeneous catalytic reactors. The major operational 
advantages of this reactor are as follows : 

can operate at lower true current densities without corresponding decrease 

in output. 

low capl tal cost as the space time yields are high. 

low residence t ime 

electrochemical processes whi ch to date have not been commerc ially successful 

may prove so with tliis reactor. 

Carbon Fibre Reactor in the Metal Finishing Industry. 

The HSA carbon f i bre reac tor can b*.' iit i 1 ised in Clie metal f i ni shing industry 
for pollution control and resource cycling. Anodic reactions are cyanide 
oxidation while the cathodlc reactions are reductions of metallic species, with 
subsequent recovery of the metals . Thus the equipment has a finite payback period 
which is usually two vears and can he as low as six months depending on a number 
of factors such as meta 1 value , water savings and chcmi cals saved . The advantages 
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i)f the HSA system include : 

resource recovery as a muans to controllini; pol lut ion 

the recovered metals do not contain impur i 1 1 es unlike- metliods such as 

evaporation , reverse osmosi s or ion cxLhani;e . 

no s ludge is produced . 

compact modular uni ts . 

low operating costs. 

based on f ami liar elec tropl ating pr incipl es . 

no excess plating solution recovered unlike evaporation, reverse osmosis 

and ion exchange methods . 

rigure 2 shows an example of the performance of the HSA carbon fibre system 
vi-rsus conventional electrochemical reactors. The residence time required to 
remove and recover an input coppe r solution of 1 0(1 ppm can tak.> up to four hours 
in a conventional reactor. With the carbon fibre svstem greater recovery is 
acliieved with a residence time of 1.7 seconds. Tliis is couple of orders of 
magni tude better than convent iona 1 sva terns . 

Figure 3 and U show one of the wav an HSA recovery unit can be hooked up 
to a plating line. A single unit can be hooked upto a multitude of lines. For 
example one of the HSA system operating in world sized printed circuit board 
plant in Dallas, Texas is recovering copper from six different sources. 

Figure 5 shows the HSA svstem for cadmium recovery with simultaneous 

(3) 
anodic oxidation of cyanide, operating at a metal finishing plant in Ohio 

Here ttie system was recovering 99 .b% of cadmium, a 1 though anv recovery greater 

tlian 90% would have assured the plant's compliance with tlietr local regulations. 

Figure 6 shows the effect of a HSA svstem for Cadmium cvanide pollution control. 

Other Appl i cat ions . 

The HSA electrochemical svstem is a powerful tool for pollution control, 
resource recycling and hvdrometal lurgy for low grade ores. A plethora of 
possible applications exist. Thcv include: 

direct gold recovery in go Id milling operations. 

cyanide recirculation and recovery in a gold mill. 

copper and other heavy metals recovery and pollution control in the 

printed circuit industry. 

treatment of effluents from Kraft and other pulp and paper mills. 
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Conclusion. 

The HSA system has recently been commercialised, and credit goes in a 
big way to the Province of Ontario for their financial backing of this venture. 

Presently over 90% of the systems being manufactured are exported. The 
HSA system is protected world wide by over 60 patents. We hope this system will 
play a small part in the fight against pollution and for the conservation of 
scarce resources . 
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EFFECT OF pH ON THE 
CONCENTRATION OF HEAVY 
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PLATING PROCESS FLOW 

WITH HSA SYSTEM 
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PROCESS FLOW DIAGRAM 

HSA METAL RECOVERY SYSTEM 




Figure 4 
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INDUSTRIAL WASTEWATER TREATMENT PROGRAM 

AT THE 
ST. THOMAS AUTOMOTIVE ASSEMBLY PLANT 

Brian Wheeler Dale P. Spersrud 

Project Manager and Facility Environmental 

MacLaren Engineers Control Engineer 

Planners and Scientists Inc. Plant Engineering Office 
London, Ontario Manufacturing Staff 

Ford Motor Company of Canada 
Detroit, Michigan 

GENERAL BACKGROUND 

Ford Motor Company of Canada Ltd. has been operating since 190^, starting in 
Windsor. There are currently five plant locations in Canada: 

o Niagara Glass Plant 

o Oakville Assembly and Ontario Truck Assembly Plants 

o Windsor Engine and Casting Plants 

Essex Engine and Casting Plants 

o St. Thomas Assembly Plant 

The Company employs some 17,500 persons in Canada, depending upon production 
schedules, and all manufacturing operations are centered in Ontario. The St. 
Thomas Plant was constructed in 1965 with production beginning in the winter of 
1967. The site (shown in Photograph 1) covers about 623 acres with 42.9 acres 
under roof and 59.3 acres of pavement. The production capacity is about 60 units 
per hour with annual production over the past seven years averaging about 
163,000 vehicles per year. Peak production was 226,000 vehicles in 1979. 

The car lines which have been assembled since the plant started have included the 
Falcon, Maverick, Pinto, Fairmont/Zephyr, Pinto/Bobcat, and currently, the 
Exp/LN-7 and Escort/Lynx. The plant presently employs about 3400; however, in 
higher production periods it has reached 4000. 

REGIONAL SETTING 

As shown in Figure 1, the St. Thomas Assembly Plant is located in Elgin County 
between London and St. Thomas. Thus the site is near major population centers 
and support industries. The plant is connected by spur to major east-west rail lines 
through both London and St. Thomas. Highway 401 lies one mile north of the plant 
via Highway 4. 

The water demand of up to 1.5 million Imperial gallons per day is supplied from 
Lake Erie, some 12 miles to the south, via the Ministry of Environment's (MOE) 
Lake Erie Water Supply System. The treated wastewaters are discharged to a 
tributary to Kettle Creek. The catchment of the tributary upstream of the plant is 
about 10 square miles. Consequently, natural flow in the stream is at or near zero 
much of the summer and the stream is sensitive to the discharge of treated 
wastewater. 
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DESCRIPTION OF MANUFACTURING PROCESSES 

The Ford St. Thomas Assembly plant receives body stampings, subassemblies, and 
individual parts as raw stock. The manufacturing activity consists of: 

Weiding; The body sheet metal stampings are welded into an unpainted 

vehicle. 

O Phosphating; The unpainted vehicle is directed into the seven stage 

phosphating machine process where, in the first three stages, dirt, oil, 
metal particles and other unwanted materials are cleaned and rinsed off 
the sheet metal. The fourth and fifth stages involve subjecting the 
sheet metal to a zinc phosphate etch and rinse. This process conditions 
the sheet metal with "microscopic hooks" which provide a close bond 
between the sheet metal and the prime paint coating and provides a 
corrosion resistant surface. 

After phosphating, the sheet metal is subjected to a chromic acid 
solution rinse and deionized water rinse which protects the sheet metal 
from oxidation until the primer paint is applied, 

O Electrocoat Painting: The vehicle is immersed in electrocoat prime 

paint where lead chromate water-based black primer paint is 
electrically "plated" over the entire vehicle. After two closed recir- 
culated rinses, residual electrocoat paint is rinsed from the vehicle. 
(This process is shown in Photograph 2.) Electrocoating provides 
corrosion protection for the car and the rinses from this process are 
responsible for a significant portion of the Biochemical Oxygen Demand 
(BOD) in the industrial wastewater generated at this location. In order 
to minimize the loss of paint from tank dragout, an initial counterflow 
rinsing system removes the excess paint solids from the vehicle with all 
of this drainage returned to the paint tank as part of a closed rinse 
system. This rinsing is done with the permeate generated by passing 
paint through an ultrafilter which "splits" the paint solids from the 
liquid phase of the paint. 

The deionized water used for final rinsing, however, is discharged to 
the process sewer and contains paint solids and solvent with a BOD of 
about 1000 milligrams per litre. Another source of BOD from this 
process is the daily bleed-off of 2500 Imperial gallons of permeate 
which maintains the proper conductivity of the electrocoat paint. This 
permeate, while mostly water, has a BOD of about 35,000 milligrams 
per litre caused by dissolved solvents. The electrocoat paint is cured in 
a direct gas-fired convection oven, 

O Guidecoat Painting and Sanding : Subsequent to prime electrocoat 

painting, a solvent-based "guide" primer paint layer is sprayed on the 
vehicle exterior, baked, and then dry-sanded to insure a smooth painted 
surface. 

C Topcoat E^ainting; The sanded vehicle is wiped clean and directed into 

the final enamel paint spray booth and subsequent baking oven. 
"Overspray" from Guidecoat and Topcoat painting operations is 
collected in water wash backsections. The water for these backsections 
is recirculated, but is periodically drained to the process sewer. 
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6 Final Assembly 

After the paint operation, the vehicle receives the shock absorbers, 
engine, transmission, etc. From there it is routed to the trim line 
where vinyl roofs, door locks, body wiring, head liner, weather strip, 
exterior molding, side glass, instrument panel, trim panel, windshield, 
etc., are added. Subsequently, tires, batteries, seats, bumpers and 
hoods are installed and gasoline, oils and anti-freeze are added. Next, 
functional checks are performed on the power steering, air 
conditioning, lights, engine and transmission, etc. 

The completed car is then directed to the car wash, leak test, and 
related adjustment and quality control tests. 

a Additional Wastewater Processes 

In addition to the basic assembly process, several supporting processes 
are operated. These involve periodic paint stripping of hooks, chains, 
carriers, gratings, etc; regeneration of deionizers; cleanup of paint 
spray booths; backwash and cleaning of ultrafiltration equipment; 
cleanup of phosphate machine; mop cart dumps from floor cleaning; and 
spillage and leakage from the final line and various hydraulic systems. 

Typical water consumption in the plant is illustrated in Table I. As shown, about 
one half the total use is for welding gun cooling, a once-through, non- 
contaminating usage. This wastewater is segregated and bypasses treatment 
facilities. Sanitary waste water (amounting to about 13 Imperial gallons per capita 
per day) is also segregated from industrial wastewater for separate treatment. 
The sources of contaminated industrial wastewater are identified and 
characterized in Table 2. 



Process 


Water 

(Imperial 

Gallons 

Per Day) 

<»60,000 


TABLE 1 


Welding Gun Cooling (summer) 


TYPICAL WATER 


De ionized Water 


160,000 


CONSUMFllON 


Phosphate Machine 


U0,000 




Electrocoat Rinse 


20,000 




Spray Booth Evaporation 


2?, 000 




Water Leak Test 


30,000 




Car Wash 


15*000 




Sanitary 


l(?,000 




Paint Sludge Pits 


25,000 




Tank Dumps (Phosphate & Spray Booths) 


50,000 




Miscellaneous 


5.000 





Total 



975,000 



Above is based on a normal two (2) shift production schedule. 
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TABLE 2 
CHARACTERIZATION OF SOURCES OF AUTOMOTIVE ASSEMBLY PLANT WASTEWATER 





FLOW RANGE 
IMPERIAL GAL/DAY 


Zinc 


Chrome 


Lead 


Oil 


High/ 
Low pH 


BOD/COD 




Wastewater Sources 


0-10,000 


10,000 
to 50,000 


Over 
50,000 


Color 


Phosphating 






X 


X 


X 


X 


X 


X 






Electrocoat Painting 






X 


X 


X 


X 






X 


X 


Paint Spray Booths 




X 




X 


X 


X 




X 


X 


X 


Leak Test 




X 










X 








Car Wash 




X 










X 








Paint Stripping 


X 






X 


X 


X 




X . 


X 


X 


Regeneration 

Deionizers 




X 












X 






Ultraf liter Cleaning 


X 






X 


X 


X 




X 


X 


X 


Mop Cart Dumps 


X 












X 








Final Line Spillage 


X 












X 




X 




Hydraulic Leakage 


X 












X 




X 





ORIGINAL TREATMENT FAdLITIES 

The St. Thomas plant's original 1965 construction program included segregated 
treatment facilities for contaminated wastewaters of sanitary and industrial origin. 

Industrial wastes drain by gravity to the wastewater treatment building where they 
are pumped to one of three 60,000 Imperial gallon batch treatment tanks. 

Coagulation and flocculation are performed using ferric chloride, and polymer. 
Sulfuric acid and caustic soda are available for pH adjustment. After chemical 
treatment, the wastewater is discharged into two settling lagoons, sized at I.O 
million Imperial gallons each. Clarified supernatent is discharged from the ends 
of the lagoons and periodically the sludge is removed from these lagoons and 
directed to sludge storage pits. 

The above treatment removes suspended solids and free and emulsified oils. The 
process also precipitates and removes heavy metals and phosphates, adjusts pH and 
eliminates colloidal color caused by paint. Chemical treatment does not, however, 
remove dissolved BOD which is caused largely from solvents. 

On-site treatment of sanitary wastes is made necessary by the rural setting of the 
plant. The sanitary wastes are pumped to an extended aeration activated sludge 
plant consisting of two 30 hour detention aeration tanks, two 150 square feet 
clarifiers and a chlorine contact chamber. 
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THE CONCERN OF DISSOLVED ORGANICS 

The original wastewater treatment facilities continue to function as designed since 
startup in 1967. The MOE, from the beginning of operations, indicated some 
concern over any excessive BOD loading to the receiving stream because of its 
very low assimilative capacity. The situation became more serious in 1977, when 
Ford changed the electrocoat paint process from an anodic to a cathodic type paint 
to improve corrosion protection of cars. Cathodic paint composition contains 
increased solvents, which in turn caused a many- fold increase in the BOD of the 
wastewater discharged to Dodds Creek. At this time it became necessary to 
consider adding additional treatment facilities to remove the BOD caused by 
dissolved organic compounds. 

Table 3 characterizes the dissolved organic content industrial wastewater after 
batch treatment following the switch to the cathodic system. Also shown are 
MOB objectives for the receiving stream. Because of low stream flow, the 
objectives, in effect, apply to the plant discharge. As the total plant discharge 
consists of approximately one half uncontaminated cooling water, the requirements 
for the wastewater treatment facilities are somewhat less stringent. 



TABLE 3 
DISSOLVED ORGANICS CONCENTRATIONS AND STREAM QUALITY OBJECTIVES 



BOD 
(milliRrams per litre) 
Industrial Wastewater following 
Batch Treatment 

average ^00 

90% of the time less than 500 

97% of the time less than 560 

Receiving Stream Objectives 

May 16 - October H $ 

October 15 - May 15 f 



LABORATORY SCALE TREATMENT PROCESS SIMULATION 
FOR DISSOLVED ORGANICS REMOVAL 

The initial laboratory characterization of batch treatment effluent identified the 
following: 

o BOD/COD is not readily removed from the wastewater by air stripping, 

o The wastewater is not toxic to micro-organisms present in domestic 

wastewater treatment plants, 
o BOD/COD ratios indicate that much of the COD is biodegradeable. 
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These data suggested that the wastewater is amenable to aerobic biological 
treatment, a process which can be highly cost-effective in removing dissolved 
organics from wastewaters. 

Consequently, a lab scale biological process simulation was undertaken to 
determine: 

O Extent to which aerobic micro-organisms can remove COD. 

O Rate at which BOD/COD is removed biologically. 

O Significance of temperature to this process. 

o Biomass growth rate, 

o Biomass settling characteristics. 

o Ease with which oxygen in air can be put into solution in the 
wastewater, 

A series of 6 litre, aerated, manually-fed reactors were used to determine values 
for these design parameters. 

Figure 2 illustrates the kinetics of dispersed phase aerobic biological treatment for 
this industrial wastewater at a temperature of 20OC. The top portion of the Figure 
shows that, at this temperature, dissolved COD can be reduced to about 
20 milligrams per litre at food to micro-organism (F/M) ratios of less than about 
0.3 per day. Similar tests showed that at S^^C, the feed ratio must be reduced to no 
more than 0.1 per day for a similar level of treatment. The near zero slope of the 
curve at these low loading ratios shows that the biodegradeable component of the 
wastewater has been reduced to a very low level. Direct testing indicated a 
residual dissolved BOD of about 6 milligrams per litre. Related testing suggested 
that, in addition to the F/M constraint, a minimum contact time of about 1 day (at 
20°C) was needed to ensure a very high level of biological treatment. 

The bottom portion of Figure 2 illustrates sludge accumulation rate as a function 
of feed rate. The rates indicated are not unusual for a system where there are few 
solids in the influent, about 15 milligrams per litre to contribute to the mass of 
mixed liquor solids. At the food to micro-organism feed rates consistent with a 
high level of treatment, a sludge age of about 30 days is indicated. This implies 
relatively small quantities of waste activated sludge will be produced. 

Activated sludge in this type of system, while settleable, tends to be light. Thus, 
return sludge concentrations may be less than 10,000 milligrams per litre and 
clarifier mechanisms should minimize turbulence in the sludge collection zone. 

It was found that chemical batch treatment effluent had an oxygen transfer co- 
efficient of about one half that of distilled water. This value increased during 
biological treatment to a maximum of about 0,7 that of distilled water. Oxygen 
saturation values of the three waters were, however, similar. 

In summary, lab tests confirmed the suitability of an aerobic biological process for 
treating this wastewater to a high degree and provided data for evaluating design 
alternatives, sizing process components and selecting equipment types. 
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FIGURE 2 

KINETICS OF 
BIOLOGICAL 
TREATMENT 



02 OS 10 20 

FOOD TO MICRO-ORGANISM RATIO (COD. /MLVSS-OftY) 



DESIGN FEATURES FOR DISSOLVED ORGANICS REMOVAL 

Significant features of the design which was developed include the following 
elements. 

o A high level of treatment is needed; thus back-up is installed for key 

process units. Back-up included providing "firm capacity'* for pumps 
and blowers and a layout with two aeration sections and two clarifiers. 

o Hydraulic equalization Is installed at the wet well to transform surges 

of flow from batch tanks to a near constant flow to the biological 
process. 

o Flexibility is available for varying wastewater characteristics. The 

aeration tanks are capable of approximating a plug flow reactor, but 
can be modified by valving to a complete mix or an intermediate type 
of configuration. The aeration vessels have a total hydraulic retention 
time of three days at design flow. This sizing, based on constraints of 
the biological process, also provides a capability for significant 
equalization of influent flows in the aeration tanks. 
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o This "low rate" type of biological system is inherently capable of 

dealing with variations in organic loading. Since the sludge age is high, 
reduced loading rates have little effect on biomass characteristics. 
Adequately low F/M ratios can be obtained with mixed liquor volatile 
solids of about 1000 milligrams per litre. 

o Static mixers are mounted over coarse bubble diffusers to provide the 

high level of mixing needed, while oxygen transfer is reasonably 
efficient, and the risk of orifice clogging is very low, 

o Effluent from the sanitary wastewater extended aeration plant is added 

to the new biological facility both for improved sanitary wastewater 
treatment and to supply nutrients to the nutrient-poor industrial 
wastewater. 

Induced suction clarifiers are used to efficiently recover and return 

settled sludge. 

o A "traveling bridge filter" is used to remove residual solids from the 

treated wastewater. This type of segmented, shallow bed device 
allows ready observation of and access to the filter media, while 
providing uninterrupted filtration with a single unit. It is less costly 
than the conventional two to three filter arrangement with standby 
capacity during backwash cycles. 

o Ferric chloride, nutrients, polymer and chlorine solution addition 

systems are available if needed to assist process performance. 

Waste activated sludge is discharged with any scum from the clarifiers 

and filter to an aerated lagoon for storage. Supernatant discharges 
back to the wet well. Sludge age is automatically controlled by valving 
return sludge to the aerated lagoon for a preselected portion of each 
day. 

o Laboratory facilities are provided at an upper floor of the control 

building adjacent to the control room. An elevated enclosed walkway 
provides direct access between this work area and the control room of 
the chemical batch treatment facilities. 

Values for some design parameters selected for the system are presented in 
Table ^. (Plant layout is shown in Photograph 3.) 



TABLE if 

DESIGN FEATURES 
o Flow 

Average - S'tO.OOO I gal/day 

Maximum * 1,7<»0,000 1 gal/day 

o Aeration Tanks (2) - 200,000 cubic feet each 

o Clarifiers (2) - 35.5 sq. ft. diameter each 

o Tertiary Filter (1) ^ ^20 square feet 

o Aerated Sludge 840,000 I gal. 

Stabilization Lagoons 

- 99 - 



STAFFING 

When the new biological treatment facilities were launched in 1980, four additional 
employees were assigned to the treatment operations to provide 2^ hour coverage 
and to perform the additional monitoring tests. The operators are stationary 
engineers with prior water treatment experience, and a stated interest in waste 
treatment. They successfully completed the MOE course on basic sewage 
treatment. Several of the operators also attended the MOE course on operating 
activated sludge plants. 

When the new biological treatment plant was ready for start-up in July 1980, Ford 
Corporate and Divisional Staff representatives, in conjunction with the St. Thomas 
plant and MacLaren Engineers, developed a training program to insure that all 
operators received extensive training on the proper operation, maintenance, testing 
and monitoring of both the existing and new extended and integrated treatment 
facilities. 

During the training program, each operator was given 5 days one to one training on 
biological plant operation and laboratory testing procedures. Each operator was 
provided with both a complete book on proper laboratory test procedures, and an 
operational manual on the new biological treatment facilities. Monthly checks 
continue to review the operation and provide any additional operational assistance 
needed. Staff alternate in responsibility between the batch chemical and the 
biological treatment facilities on a weekly basis, thus maintaining familiarity with 
all aspects of the plant operations. 

A completely new biological laboratory was installed to supplement the existing 
chemical laboratory. This new facility has the capability to run the following 
analytical tests: 

o Biochemical Oxygen Demand 

o Chemical Oxygen Demand 

o Dissolved Oxygen 

o pH 

o Mixed Liquor Suspended Solids 

o Mixed Liquor Volatile Suspended Solids 

o Settling Tests 

o Chlorine Residual - Amperometric 

o Grease and Oils 

o Total Dissolved Solids 

o Total Solids 

o Temperature 

o Ammonia/Nitrogen 

o Total Phosphorus 

o Phenols 

o Sludge Volume Index 

Additionally, a microscope, sp>ectrometer and several portable composite samplers 
were purchased. Experience has shown that portable samplers provide much more 
flexibility within the operations (i.e., following clarification, filtering, etc.) than 
permanent samplers. In early 1982 an atomic absorption unit was acquired and the 
operators were trained in its operation to give the plant the capability for accurate 
on-site analysis of heavy metals. 
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PERFORMANCE 

Start-up of the biological treatment system involved seeding the filled aeration 
vessels with a small quantity of activated sludge from the sanitary wastewater 
extended aeration plant. These organisms flourished in the relatively large supply 
of substrate. Within two weeks a highly settleable floe had developed and effluent 
quality had achieved treatment objectives. 

Since start-up, the performance of the upgraded treatment facilities has attained 
or exceeded design expectations. Influent BOD has been less than was originally 
anticipated due to paint processing changes. Tables 5 and 6 indicate the plant's 
performance from August 1980 through 3anuary 1982, 

TABLE 5 

OVERALL TREATMENT PLANT PERFORMANCE 



Influent BOD 
Average 
Maximum 

Effluent BOD 
Average 
Maximum 



115 mg/L (1) 

(^89 mg/L 

3 mg/L 
1(> mg/L 



(1) Influent average BOD reflects a substantial amount of downtime due to 
reduced production. 



MONTH 






I9S0 






1911 






I9S2 






Inllueni 

Flow 
(MICD) 


Influent 
BOO 
<mjt/l) 


Filter 

Elfluent 

BOO 


Influent 

Flow 
(MtCD) 


Influent 
&O0 


Filter 

Effluent 

BOD 


Influent 

Flow 
(MICD) 


Influent 
BOO 
(mR/l) 


FUter 

Elttuent 

BOO 


January 
Maximum 
Average 










o.7ie 

0.«10 


1« 
It 




0.*I2 
0.1(0 


210 
101 


12 


February 
Maximum 
Average 










O.JM 


12t 
31 




0.5)3 

O.IM 


220 
12) 


U 


March 

Maximum 
Average 










0.73) 

0.t» 


»lf 

1«2 




0.33* 
0.537 


1)5 
10* 




AprU 
Maximum 
Average 










0.762 
O.WI 


230 

113 










May 

Maaimum 
Average 










0.700 

o.«to 


200 

113 










Maxlmtvn 
Average 










0.7M 
O.X» 


210 
lOS 










July 

Maximwn 

Atwragc 










0.71% 


237 

72 










Augmt 
Mavlmum 
Average 






7K 


MO 
1)7 




0.731 
0.»70 


191 
79 










September 
Maximum 
Average 








»7 

129 




0.317 
0.220 


131 
3) 










October 
Maximum 
Average 






370 


112 
IK 




0.323 

0.21« 


I7J 
•7 










November 
Maximum 
Average 






MO 
«20 


«7« 




0.&06 
0.2«0 


12i 
7« 










December 
Maximum 
Am rage 







TtO 
»0 


•75 


10 


0.310 
0.220 


161 
103 











TABLE 6 

TREATMENT PLANT 

PERFORMANCE 

BY MONTH 
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This level of performance has been maintained in spite of variations in loading 
caused by downtimes varying from two days to several weeks interspersed with 
periods of full production. Typical ranges for organic loadings to the treatment 
plant and corresponding effluent BOD concentrations are illustrated in Figure 3. 




FIGURE 3 
EFFLUENT QUALITY 

COMPARED TO 
ORGANIC LOADING 
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2 SHtFTSCHOV 1960) 



DOWN TIME (SEPT IMI) 
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29 n 



As with all biological systems, there is concern over maintaining plant performance 
both during very cold weather and low wastewater flow periods. When these 
conditions combine, the wastewater cools to the extent that biological treatment 
rates are lower, and effluent quality slightly deteriorates. However, this effect is 
very minor and at such times, BOD impact on the stream is low since oxygen 
demand from BOD isn't any more rapid in the stream than in the treatment plant. 

It is interesting to examine the impact of the upgraded treatment facilities on the 
receiving stream. A water quality monitoring station has been maintained 
approximately 2 miles downstream of the plant's discharge by MOE. Analyses of 
grab samples taken approximately monthly are available for the years 1975 and 
1978 to 1981. A plot of BOD, dissolved oxygen and phenol concentrations for these 
years is presented in Figure 4. 

Although the data are somewhat sparse, a dramatic improvement in water quality 
is evident, beginning in 1979 when the permeate was disposed of offsite as an 
interim measure, and continuing in 1980 and 1981 when the biological treatment 
and filter systems were in operation. 
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SUMMARY OBSERVATIONS AND CONCLUSIONS 

Nearly two years of operating experience exists for the integrated wastewater 
treatment system consisting of chemical coagulation, f locculation and settling in a 
batch process followed by a biological process for dissolved organics removal. 
Summary observation and conclusions follow: 

O The dispersed phase biological process has enabled plant effluent to 

attain the stringent water quality objectives set for BOD on a 
continuous basis in spite of widely fluctuating organic loadings. This 
evidence again confirms the ability of the process to perform in a 
highly effective, efficient and self-regulating manner on provided that: 

a) The substance is biodegradable and produces a settleable floe. 

b) The system is not overtaxed by the presence of toxic compounds 
such as heavy metals or other incompatible substances such as oils. 

c) The system is designed for peak loadings. Resiliance to load 
variations can be created through the design of a "low rate" 
system. A "high rate" system, where, for example, it is necessary 
to maintain a high concentration of mixed liquor solids in a smaller 
aeration vessel would not be expected to perform as well. 
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The siting of the St. Thomas plant has obvious economic advantages due 

to adjacent labour forces and transportation systems. It could be said 
that the siting is not totally ideal from utilities and environmental 
aspects because of the need for water pipeline construction and more 
stringent effluent standards than might apply at a larger receiving 
water. 

However, on balance, it would appear that the advantages of the site 
outweigh any disadvantages. While the total cost of upgrading 
treatment facilities was about $2,500,000 in 1979 dollars, only a small 
portion of this (i.e., filters) can be attributed to the incremental 
additional cost of attaining the more stringent objectives of such a 
small receiving stream. 

O It could be argued that the "impact" of the assembly plant discharge on 

the receiving water is a positive one. That is, treated wastewater 
probably compares favourably with natural runoff from adjacent 
agricultural land uses. More importantly, the wastewater augments 
flow in an otherwise sluggish to ephemeral stream, thus enhancing the 
aquatic environment. 
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PHOTOGRAPH 1 
St. Thomas Assembly Plant 




PHOTOGRAPH 2 

Electrocoat Painting, 
Permeate Rinse Section 




PHOTOGRAPH 3 

Wastewater Treatment Facilities 

Note 3 Batch Treatment Tanks, 

2 Settling Lagoons, 

Biological Treatment Unit, 

Aerated Sludge Lagoon and 

Sludge Disposal Lagoons 

in Background 



- 105 - 



SESSION III - INDUSTRIAL WASTE MANAGEMENT - PART I 




Chairman: R. M. Gotts 

Regional Director 

Northwest Region, 

Ontario Ministry of the Environment 

Thunder Bay, Ontario 





G. A. Douglas. General Manager, 
Ontario Waste Management 
Corporation 
Toronto, Ontario 



K. A. Childs 

Waste Management Branch 

Environmental Protection Service 

Environment Canada, 

Ottavifa, Ontario 





Dr. R. B. Pojasnk, Vice-President 
Roy F. Weston Inc. 
Burlington. Massachusetts 



- XI - 



Alun James, Head 

Radioactivity Unit 

Waste Management Branch, 

Ontario Ministry of the Environment 

Toronto, Ontario 



EVENTS OF THE LAST YEAR AND POSSIBLE 
FUTURE DIRECTION 
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G. A. Douglas 
General Manager 
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Toronto, Ontario 



Good morning 1 I think it ' s only proper that I acknowledge 
the generous number of delegates in attendance at the first 
session of the day. 

It may not be entirely fair that your efforts to arise early 
be rewarded with an historic dissertation as the first pres- 
entation. However, those of you who had difficulty in stay- 
ing awake during history class may take comfort from the fact 
that any chronology of events associated with the Ontario Waste 
Management Corporation will not be lengthy. The Corporation 
is less than two years old! Historians have barely had time 
to record its existence! 

However, the OWMC has initiated a significant concentration 
of activities during this short time; and I*d like to take 
this opportunity to bring you up to date on the status of 
our activities . 

During the next 15 to 20 minutes I'd like to do three things: 

- outline briefly who OWMC is, 

- tell you something about our activities, and 

- identify for you some key issues involved in our work. 
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As many of you know, the formation of the OWMC was announced 
in the Ontario Legislature on November 25, 1980, by the 
Minister of the Environment of that time. Dr. Harry Parrott. 

Purely as an aside - those of you who can recall the polit- 
ical situation of that time, which saw a minority Government 
in office, will probably agree with me that future historians 
will be hard pressed to describe the Corporation's " concept- on " 
as being anything even close to " immaculate " ■ 

However, the Crown Corporation, to be known as the Ontario 
Waste Management Corporation, was formally established by 
Bill 90 , which received third reading in the Ontario Legis- 
lature on July 2, 1981. 

Bill 90 charges the Corporation with rather broad respons- 
ibility. 

However, simply stated, we have two basic objectives: 

- to design, construct, and operate a province-wide system 
for the treatment and disposal of industrial waste, and 

- to develop a long term program to assist in the reduction 
and recycling of industrial waste. 

OWMC policy is formulated by a board of seven directors. 
The Board was appointed in early 1981 and has met regularly 
since then. 
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I am noting their names and backgrounds by way of emphas- 
izing the broad areas of interest they represent: 

- Dr, Donald A. Chant serves as Chairman of the Board and 
is also President of the Corporation, he is a Zoologist, a 
former Vice-President and Provost of the University of 
Toronto , Founder of Pollution Probe and, most recently. Dir- 
ector of the Joint Centre for Toxicology at Universities of 
Toronto and Guelph. 

- Harvey Polk serves as Vice-chairman of the Board , he is 
Chief Engineer , Specialized Engineering at the Steel Company 
of Canada Limited. 

- Edith Fuller , Mrs, Fuller is Mayor of the Town of Haldimand 
(formerly Cayuga) , in the regional Municipality of Haldimand- 

Norfolk, 

- Frank Sommer , Mr. Sommer is a soyabean and hog farmer in 
the Cayuga area and a Director of the Ontario Federation of 
Agriculture for Haldimand West. 

- James King is Chairman of the Board of Alfa- Laval Limited, 
in Peterborough. 
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Stephen Rodd , is a Professor at the School of Agricul- 
tural Economics & Extension Education; University School 
of Rural Planning & Development, University of Guelph, 

- Firman Bentley , Mr. Bentley is Group Vice-President, 
with global responsibility for rubber and plastics, Poly- 
sar Limited. 

The activities of the Corporation are guided by a Senior 
Staff of five people including Dr. Chant, who, in addition 
to his duties as chairman, is also President. 

In addition to Dr. Chant - 

- I am General Manager of the Corporation. Edgar Schmidt, 
our Project Director, was previously employed by Polysar 
Ltd. , where he held responsibility for the construction 

of several multi-million dollar projects in Canada and 
elsewhere. 

- Also reporting to Dr. Chant are Dr. Barry Mitchell, 
our Director of Corporate Planning and Development, 
who comes to us from the University of Toronto, and 

- Michael Scott, our Director of Communications, formerly 
Director Corporate Communications, Inco. Ltd. 
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We're adding a Finance and Administration Director to our 
staff next month, and other key appointments will be made 
as appropriate , 

Our total staff at this time is eleven. 

I. 
When the Ontario Government first announced the creation 
of OWMC, it directed the Corporation, by means of an order 
in council, to a parcel of land in South Cayuga (30 miles 
south of Hamilton, near the north shore of Lake Erie). The 
Government also exempted the project from the provisions of 
the Environmental Assessment Act. 

However, it should be pointed out at this time that Dr. Chant 
and some of the Corporation's Directors accepted their appoint- 
ments to the Board with the following conditions: 

Firstly, that the Corporation would conduct a thorough invest- 
igation at the proposed site at South Cayuga and decide whether 
a waste treatment centre should be built there or not. 

Secondly, in the event the Corporation's decision was in 
favour of building facilities at South Cayuga, the project 
would have to be subjected to public hearings. 
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Consistent with the Board's policy that no decision be 
reached regarding South Cayuga until a thorough invest- 
igation of the site was conducted, the firm of Gartner 
Lee Associates Limited was retained in May of 1981 to 
Undertake a geological and h ydrogeological assessment 
of the South Cayuga Site, They were assisted in this 
connection by International Environmental Consultants . 

In August of 1981, Proctor and Redfern Limited, Engineers 
and Planners, were engaged as prime consultant to the 
Corporation. They have included in their core staff, 
representatives from the Ontario Research Foundation 
and Weston Designers/Consultants. 

In November 1981, Gartner Lee had completed preliminary 
field tests on the proposed South Cayuga site, and reported 
their findings to the Corporation. 

The next two shots show Gartner Lee personnel supervising 
the digging of test pits in the proposed site area. It 
was these test pit digs that confirmed the existence of 
buried drumlins just under the soil surface- 
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This diagram portrays the clay going right to bedrock; 
however, it also depicts a now famous (or infamous) 
drumlin extending from bedrock to surface through the 
clay. 

The combination of buried drumlins in addition to surface 
drumlins , areas of sedimentary bedrock near surface , the 
potential for flooding and, finally, the presence of close 
to 200 gas wells (some of them abandoned and unmarked) led 
to the assessment of the South Cayuga site as having only 
"marginal" potential for a waste management site. The 
white perimeter line on the map defines what was known as 
the "Order in Council Boundary". 

The Order in Council that provided the OWMC with its 
original terms of reference directed the Corporation to 
find a site within these boundaries. 

These small green marks indicate buried drumlins. The 
larger cigar-shaped areas of green identify surface drum- 
lins. 

This large red area is a portion of the Onondaga Escarp- 
ment, which rises to surface in some areas. 
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The blue area depicts the flood plain of small streams 
flowing into the Grand River at this point. 

The gas wells were too numerous to show. 

The small yellow area identifies an area of sand and 
gravel. 

The Corporation's Board of Directors unanimously rejected 
the site, and their decision was announced at a press con- 
ference held on November 18, 1981. 

Now, the big question!? If not South Cayuga - where 
then?? 

Immediately following the rejection of South Cayuga, the 
OWMC set out to develop a step by step approach to develop- 
ing an industrial waste management facilities system for 
the Province. 

Concurrent with Gartner Lee's assessment of the South Cayuga 
area. Proctor and Redfern Limited had been conducting two 
non-site specific studies - 
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Their first task was to provide OWMC with a detailed report 
of the quantities, types and geographical distribution of 
industrial wastes being generated in Ontario today, along 
with a projection of waste generation in the future. 
This study is, of course, fundamental to the entire project 

Proctor & Redfern's second task calls for the preparation 
of a world-wide inventory of technology that might be empl- 
oyed to recover, reduce, treat, destroy or store the waste 
that are identified by their market study. 

These two major studies have been incorporated into a five 
step "Facilities Development Process" which involves infor- 
mation gathering, evaluation, selection, preparation for 
public hearings, and finally the public hearings. 

We are nearing the completion of Phase I; the " Description " 
or " Information " gathering phase. 

- Here it is in more detail! 

The number of studies has grown significantly since our 
rejection of South Cayuga, The studies fall into three 
general categories : 
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Engineering information 
Environmental information 
Planning information 

You* 11 see in the 3 boxes a few examples of the type of studies 
that are being undertaken at this time. They're all non-site 
specific, of course. 

Now the final product of this Phase I will be a list of pos- 
sible facilities system options . I won ' t even hazard a guess 
at this time as to just what type of treatment and disposal 
facilities might be identified in Phase I. However, the 
facilities could, for example, be fully integrated on one 
site or, for the purpose of discussion, they might be strat- 
egically dispersed throughout the province. 

You'll appreciate, I'm sure, that the factors that would be 
desirable for an incinerator or a physical/chemical treat- 
ment plant probably wouldn't be the same as the factors that 
might lead one to a site for secure landfill . Soon we ' 11 
have to marry certain generic treatment technologies to 
certain waste classification and arrive at a number of sys- 
tem options. 
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The Corporation is committed to provide the results of our 
studies and consult with the public at each stage of the 
facilities system development process. 

Let's have another look at the complete process. You can 
see that the product of Phase I (a number of possible sys- 
tem options) would involve public consultation prior to 
proceeding to Phase II , the evaluation phase . The product 
of Phase II would be a list of preferred system options . 

The product of Phase III, a final selected system . 
Phase IV, a proposal , and 
Phase V, public hearings . 

Before concluding my presentation, you may be interested to 
know about some of the policy decisions that the Corporation 
has taken and some of the decisions that are still pending . 

Policy decisions that have been taken by the OWMC include the 
following commitments - 

1. That state of the art technology will be employed to treat 
wastes , 
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2. That only treated wastes will go to landfill. v;hile 
secure landfill will be a necessary component of the 
waste management system, the emphasis will be on the 
treatment of wastes. 

3. The Corporation has agreed to provide funds for part- 
icipants in the public hearings. 

4. The results of all major studies will be released to 
the public. 

5. There will be public consultation prior to making 
major policy decisions. 

Some policy decisions that have not been taken are - 

1. There has been no decision on whether the various 
treatment & disposal facilities will be consolidated 

on one site, or whether they will be located on several 
sites. 

2 . Definitely no decision yet regarding locations for any of 
the facilities, and 

3. No decisions have been reached regarding a choice of tech- 
nologies that will be used to treat the wastes, 
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In conclusion I hope the foregoing review will be of interest 
to you- 

If you have any questions regarding the Corporation's activities, 
I'll be pleased to try and answer them. 
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PCB TREATMENT AND DESTRUCTION TECHNOLOGIES 



Ken Chi Ids 
Chief 
Technology Services Division 
Waste Management Branch 
Environmental Protection Service 
Environment Canada 
Ottawa, Ontario 

Ten years ago a paper such as this would never have been given -- 
not because this paper is so outstanding but because the PCB situation 
had not manifested itself. Also, if one were hypercritical it could 
be argued that there was no need to embark on a program of technology 
development and technology transfer (the like of which has occurred in 
the past few years) when technologies already existed for destroying 
or treating this material. The need to provide facilities for the 
treatment or destruction of PCBs came about subsequent to the 
enactment of the Environmental Contaminants Act in the 1970's. This 
Act which does not prohibit the production of PCB's does restrict 
their use and release to the environment. Since that time these 
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materials have been entering the waste stream from activities such as 
retro-filling and equipment replacement. At this time no approved 
facilities exist in Canada for the efficient treatment or destruction 
of RGBs and, because the Canada - U.S. Border is closed to these PCB 
waste materials, they are being stored. As a personal observation, I 
wonder if the bulk storage of these materials represents a greater 
potential hazard than the "hazard" represented by their continued use 
or by their storage in smaller quantities close to the original locale 
where they were being used. During the past few years we have seen 
the emergence of a proliferation of new technologies specifically 
designed to treat or destroy PCBs and in Environment Canada we 
continue to receive proposals to develop even more methods. We 
started to ask questions, a) Didn't we already receive details of 
this method from another company last week? b) Do we i n fact need any 
more methods? and c) Do the methods that presently exist have 
flexibility allowing for the destruction of the various forms and 
concentrations of PCBs? In addition to this we, and the provincial 
jurisdictions across the country were facing and continue to face a 
continuing problem; where (in the absence of facilities and in the 
presence of a closed border) will these materials be stored? We have 
another problem -- the one of just keeping track of the methods and 
systems that were in place or available. It appeared to us that there 
was frequently at least a duplication and most certainly a similarity 
between many of the systems. It was in this environment, an 
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environment of a plethora of technology and contradictory or similar 
claims that we decided to undertake an inventory of methods currently 
available for the destruction or treatment of PCBs and materials 
contaminated by PCBs. 

If I'm allowed to place a dedication in the front of the report 
when it is published I will probably re-word one of the most famous 
lines of an English poet and put "How many times can I destroy you, 
let me count the ways". When we embarked on this project we really 
had no idea how many systems or methods there were and the consultant 
who undertook the project, upon which this presentation is based, 
started from substantially the same level of under-estimation. Both 
we and the consultant thought that there maybe twelve or fifteen 
methods but after a preliminary examination the consultant identified 
in excess of eighty systems ready and willing to go. The consultant 
pursued the study even though the task was of a somewhat greater 
magnitude than he had anticipated and a publication based on the study 
will be available from Environment Canada later this year. The study 
was not designed to provide comparisons but to provide a listing of 
the systems available and, when possible, provide financial data with 
respect to capital costs and unit treatment costs. The sources of 
information used by the consultant and, subsequently, by ourselves, 
included direct contact with manufacturers, promotional and proprietry 
information from manufacturers, earlier studies, earlier inventories 
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and trade and technical journals. Some of the costing was provided by 
the manufacturers and some was developed by the consultant. 

With apologies to those who spend much of their time in and 
around PCBs and to those of you who are chemists, I submit Fig.#l as 
an indicator of what PCBs are and to identify the nature of the 
properties that they exhibit including some of the hazards which are 
attributed to them. The most toxic of the family are TCDD and TCB, 
and of growing concern are the di oxi ns and dibenzof urans particularly 
as they might occur as a result of re-ccmbi nation during an oxidation 
process. 

There is considerable dispute with respect to the magnitude of 
the "problem" of PCBs and the length of time that we will experience 
the problem. To complicate matters inventories have been taken many 
of which will have varying quantities, varying distributions, and 
varying opinions with respect to concentration and nature of the 
materials. The best figure that I can present with respect to the 
quantities in use or in storage in Canada is 1.6 million kilograms 
of which 1.3 million kilograms is in private storage awaiting 
treatment or destruction. Of this total quantity fifty to seventy per 
cent will be PCBs the rest being carrier material. In Canada the bulk 
of the PCBs used have been used in transformers whereas in the United 
States they have been used in capacitors. This may allow for easier 
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disposal in Canada, It is anticipated that, in Canada, there will be 
an attrition period of approximately forty to fifty years, this of 
course could be changed if Canada adopts a phasing out procedure 
requiring that those PCBs currently in use be removed from use and 
destroyed. 

In the report presented to us by the consultant three main 
technology groups were identified for review, a) incineration and its 
variations b) chemical processes and c) physical/chemical 
processes. 

The first group, conventional incineration. This is a process 
which has been utilized for many years wherein organic materials are 
oxidized creating emissions such as CO2, H2O plus inorganic 
residues. When PCBs are incinerated there is also a by product of HCl 
which is removed by scrubbing. The standard criteria for destruction 
of PCBs is a residence time of approximately two seconds, a 
temperature of twelve to sixteen hundred degrees centigrade and an 
excess oxygen of two to three per cent. Three conventional 
incinerators are described in detail in the report. 

Firstly, the incinerator operated by Rollins Environmental 
Services in Deer Park, Texas, This incinerator is capable of 
accepting both solids and liquids, it uses auxiliary fuel, gas, or 
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oil, and operates at a temperature of approximately fifteen hundred 
degrees centigrade. The residence time, excluding the residence time 
in the rotary kiln, is approximately two to three seconds. Details of 
the incinerator are shown in Fig. #2. A risk analysis was undertaken 
in this instance and it was determined that there would be one 
additional case of cancer for every fifty thousand persons "exposed" 
to the facility. This is considered to be an extremely low risk, 
particularly because of the nature of the assumptions which went into 
the analysis. 

The second incinerator described is operated by Energy Systems 
Company (ENSCO) Eldorado, Arkansa, details of the Incinerator are seen 
in Fig, #3. 

This incinerator is also capable of handling both solids and 
liquids with the solids being introduced into a rotary kiln after 
being processed in an enclosed shredder. Operating temperatures are 
twelve hundred degrees in the rotary kiln and one thousand and forty 
in the after burner. Products of combustion are neutralized using a 
slurry mixture of caustic and lime before being discharged to the 
environment. Destruction rates are noted to be 99.99998%. This 
incinerator has a capacity of one hundred and ten to one hundred and 
eighty kilograms of PCBs per hour depending upon the nature and PCB 
concentration in the feed stock, 
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Incinerator number three is the incinerator operated by the Dow 
Chemical Company in Midland, Michigan, This incinerator was selected 
as being fairly typical of the liquid industrial waste incinerator 
commonly available "off the shelf" and presently operating in a number 
of locations for destroying wastes other than PCBs. This incinerator 
is limited to destroying liquids and operates at a temperature of nine 
hundred to one thousand degrees centrigrade with a residence time of 
three seconds. The capacity of the incinerator is forty kilograms per 
minute and there is a destruction efficiency of 99.99%, 

There are approximately two hundred installations of this type of 
incinerator representing approximately sixty different suppliers. 

The configuration of this type of incinerator is shown in Fig. #4. 

To summarize the conventional incineration situation: These 
incinerators are fixed (i.e. not portable) and are fairly standard in 
their design. Frequently these are operated in conjunction with an 
industrial plant and are therefore owner/operated which in turn 
suggests that the operation is usually of a high calibre being both 
responsibly maintained and operated efficiently. If one was allowed a 
prediction it would be that this type of incinerator will becane more 
commonly used if the apparent trend to on-site waste management takes 
over, 
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I should note that in addition to those incinerators identified 
earlier there are eight other incinerators of this type, either 
currently being used for the destruction of PCBs or, in the process of 
receiving approval to destroy PCBs. 

The next section in the report deals with what are Identified as 
variations of incineration. Included in this category are systems 
such as kilns, boilers, furnaces and adaptations of these processes or 
systems. Most frequently these systems are directed towards low level 
concentrations of PCBs and are usually restricted to low feed rates. 

The first group in this category is high efficiency boilers. In 
the United States parameters have been established allowing high 
efficiency boilers to be used for the destruction of PCBs. These are- 
- a maximum PCB concentration of five hundred ppm, a boiler heat 
release in excess of thirteen X 10^ kilo-calories per hour, stack 
anissions of CO of less than fifty ppm for oil or gas fired furnaces 
and one hundred ppm for coal, and a minimum of three per cent excess 
oxygen. In addition to these requirements there must be routine 
monitoring of stack gases, feed rate and overall perfonmance. The 
Electrical Power Research Institute in the United States, which has a 
close relationship with many of the boiler operators, suggested that 
higher concentrations of PCBs should be considered. Generally high 
efficiency boilers work in a temperature range of fourteen hundred to 
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seventeen hundred degrees centigrade, there is normally a residence 
time of one to four seconds with feed rates varying between one 
hundred and fifty to three hundred kilograms per hour. Destruction 
efficiencies of 99.99% appear to be the maximum achievable. Normally 
high efficiency boilers have no scrubbing facilities resulting in the 
discharge of HCl to the atmosphere. The operation of high efficiency 
boilers is a highly developed technology and the technology of the PCB 
feed system, although not as highly developed, is a simple matter and 
can be interfaced with the boiler very easily. 

To summarize this process: It is a proven technology, controls 
are simple and adequate, firing systems are variable depending upon 
the fuel source and configuration of the boiler. The impact on the 
environment should be minimal. One of the major advantages is that 
many of owner/operators of the boilers are the owners and users of the 
PCBs which means that there is a vested interest "in house" in 
destroying the wastes. In such cases transportation factors can be 
minimized. It should be noted that, at this time, there are eighteen 
operational systems currently in use in the United States. 

The next system which I would like to refer to is the destruction 
of PCBs in a cement kiln. Destruction in a cement kiln is a well 
understood process and is a proven acceptable technology. Despite 
this, great difficulty has been experienced in getting these systems 
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In place, for this particular purpose, especially in Canada. The 
history surrounding the Mississauga test burn of PCBs is well known 
and this sociological experience has probably retarded opportunities 
to use this process in other locations both here and in the United 
States. 

In cement kilns the operating temperature is in the order of 
twenty-one hundred degrees centigrade with a residence time of up to 
thirty seconds. Both the temperature and residence time are well in 
excess of the requirements needed to achieve total destruction of the 
PCB molecule. What should also be noted about the cement kiln 
operation is that the chlorine in PCBs can actually be of value in the 
process of making cement. Feed stock for a cement kiln operation can 
be up to fifty-five per cent PCB and destruction rates can exceed 
99.9%. It is difficult to establish a unit cost for a cement kiln 
operation because the value of the PCB material as a fuel can vary 
from location to location and even from load to load. Generally the 
problems associated with cement kiln operation are associated with 
dust in the kiln and reactions with the refractory which may cause 
higher than average maintenance activity. At the present time there 
are four kilns in the United States plus one in Puerto Rico capable of 
taking PCBs as part of their feed stock. Included in these four is the 
Peerless Cement Kiln in Detroit which operated at a temperature of 
thirteen hundred degrees, a dwell time of twelve seconds and achieved 
a destruction efficiency of 99.99%, but this activity was abandoned 
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due to public pressure. I understand that discussions are underway 
between the State of California and Genstar with the hope that kilns 
in California might be used for the destruction of PCBs. A typical 
configuration for a kiln is shown in Fig. #5, 

Another example of co-treatment, where the original use has been 
supplemented by the utilization of the process for destroying waste 
materials, is the use of an aluminum melting furnace owned and 
operated by the Aluminum Company of /Vnerica in Davenport, Iowa, In 
this case the furnace is used for company wastes only. PCBs having a 
concentration of three hundred and fifty ppm are destroyed in an 
environment having a temperature of eleven hundred and fifty degrees 
centigrade. 

The last section dealing with the variations on Incineration is 

directed toward shipboard incineration, a concept which can cause 
emotions to rise. There are a number of obvious reasons why this 
process can find favour particularly the fact that where the 
destruction takes place there is no immediate public to raise 
objections. However, the more cynical observer might suggest that 
putting a full load of hazardous waste to sea and then burning the 
material in locations where operating circumstances are variable and 
monitoring limited to on-board capabilities is, at best, a risky 
venture. The most famous of the shipboard incinerators is the 
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Vulcanus operated by Chemical Waste Management. This ship recently 
undertook a cruise in the Gulf of Mexico and destroyed thirty-seven 
hundred tonnes of "pumpable" PCB contaminated materials. The 
incinerators are injection type incinerators operating at a 
temperature of fifteen hundred to sixteen hundred degrees centigrade. 
It is reported that these incinerators achieve a destruction 
efficiency of 99.9% and that no dioxins have been identified in the 
air emissions. 

The next section of the report deals with what we might call 
novel incinerators or higher technology oxidation processes. Included 
in this group are processes such as oxygen incinerators, fluidized 
bed, molten bed, diesel engines and plasmas. 

The first one that I would like to deal with is the system 
developed by Pyro Magnetics, a company operating out of Whitman, 
Massachusetts. This portable system is shown in Fig. #6 and you will 
note that it includes a kiln, a furnace, oxidizer and scrubber. Solid 
wastes, depending upon their nature, are fed into either the rotary 
kiln or into the patented SMT furnace. Temperatures in the kiln are 
in the order of nine hundred and eighty degrees centigrade and in the 
furnace they reach sixteen hundred and fifty degrees centigrade. 
Liquids are Injected directly into the oxidizer as are the off gases 
from either the kiln or the furnace. Oxidizer exit temperatures are 
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in the order of twelve hundred degrees centigrade, dwell time in the 
oxidizer is at least two seconds. The oxidizer has recently undergone 
tests in the United States directed towards obtaining approval to 
destroy PCBs. It is understood that these tests have been fully 
satisfactory. It should be noted that at the time of presenting this 
paper that the full waste management system (i.e. kiln, furnace, 
oxidizer and control trailer) have yet to be tested as a complete 
treatment train. Destruction efficiency is reported to be in the 
order of 99.9999%. It should also be noted that this operation does 
need a small lagoon area for receiving the scrubber water. 

The next process which I'd like to dwell on very briefly is the 
chemical plasma which has been developed by SJT consultants here in 
Toronto. This system is currently in a holding position pending the 
outcome of discussions between the developer and M.O.E., I will 
therefore restrict my comments to reminding you that this process has 
been developed from the MHD technology and involves the destruction of 
materials, such as PCBs, in a pure oxygen environment. Temperatures 
up to five thousand degrees centigrade are anticipated. There is 
the by-product of HCl which is neutralized by the injention of a 
caustic mix. This process obviously is higher technology and could be 
one of the many emerging technologies which will be acceptable in the 
future, 
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The molten salt system developed by Rockwell International has 
been the subject of considerable attention, Envirorment Canada has, 
this past year, supported optimization tests of this process. It is 
now abundantly clear that this process does have a very high level of 
destruction efficiency but may be limited in its application due to 
relatively high unit costs. In this system wastes are introduced into 
a bed of molten sodium carbonate. It operates on the theory that 
there is a heat transfer between the wastes and the molten bed, the 
resulting gases pass through the melt and emerge as clean emissions. 
Optimization tests indicate that the capacity is dependent upon the 
rate that air is introduced into the system. Destruction rates 
recorded in recent tests indicate a destruction rate of at least 
99.99999%. 

Another system developed by Rockwell is the fluidized bed. The 
fluidized bed is a well known and commonly understood technology and I 
should point out that this system is readily available because it was 
developed by public funds. In the Rockwell system the fluidized bed 
is comprised of sodium-carbonate plus a chromium oxide catalyst. The 
system is comprised of two beds, the first one having a temperature of 
six hundred degrees and the second bed, which is in series, with a 
temperature of seven hundred degrees which acts as an after burner. 
PCBs Are introduced into the second reactor. A destruction rate of 
99.9999% is achieved. One of the features about the system which may 
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make it dttractive is that it may be made portable. 

Two other fluidized bed systems are identified. One developed by 
Systech used for the destruction of phenolic wastes and the other 
developed by Union Oil which has been used for destroying in-house 
refinery waste. 

One of the technologies which we, in Environment Canada, are 
interested in is the utilization of the diesel engine as a means of 
destroying PCBs. The D and D group in Smithville have been 
responsible for most of the development work in Canada. Limited runs 
of the engine have been undertaken in Canada but three hundred hours 
of running in England has produced promising results. The diesel 
engine can take up to seventy-five per cent askarel with the balance 
being made up of regular diesel fuel. The PCB material is injected 
into the combustion chamber where a destruction rate in excess of 99% 
is achieved. As with many other systems there is a need for a 
scrubber due to the generation of HCl . One of the most attractive 
features about this system is the fact that it also could be made 
portable allowing for the process to go to the waste. By limiting the 
length of time that the system would be in any one particular 
location the chances of getting public approval might be increased. 

The next major group examined in the original study is the group 
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identified as chanical processes which include chemical 
dechlorination, radiant energy processes and low temperature oxidation 
processes. 

Over the past few years we have seen a number of chemical 
dechlorination processes appear on the scene, all of these processes 
work on the principle of destroying the PCB molecule by removing the 
chlorine atom. The most common re-agent in this process is sodium. 
Energy to achieve the destruction is derived from the chemical 
reaction. The reaction usually occurs in an inert atmosphere to 
minimize re-agent use and to reduce risk of fire. Usually the 
products of dechlorination processes are the reusable oil, sodium 
chloride and some solid wastes which, in the United States, are 
allowed to go to specified land fills. Time and space do not permit me 
to discuss all of the processes in detail, these are described in some 
detail in the report and as you will see there is a similarity between 
the processes which would make descriptions of all somewhat repetitive 
and redundant. I propose to give some sparse details on just a few of 
the processes. 

(a) The process developed by Goodyear. In this process sodium 
napthalyde is the re-agent and the temperature of the reaction is 
between one hundred and fifty and one hundred and seventy degrees, the 
controlling factor in this process is the reagent/chlorine ratio 
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which ranges between fifty or one hundred to one. The time taken for 
the reaction, that is the time between introduction of the PCB 
materials and optium destruction is approximately one hour. The system 
operates on materials having a PCB concentration of one hundred and 
twenty ppm which is reduced to a concentration of two ppm in the 
effluent. 

(b) The PCBX process developed by the Sunohio Company. In this case 
the reagent is proprietary. The capacity of the system is 
approximately 2.3 cubic metres per hour of PCBs. The effluent is 
subjected to GC analysis to determine PCB concentrations, A typical 
run involves a waste having a concentration of three thousand ppm PCB 
which will be reduced to two ppm in the product. In this case the 
unit cost is somewhere between $.80 and $1,30 per litre. It should be 
noted that this process cannot be used for aqueous wastes, 

(c) The Accurex system is an adaptation of the Goodyear process using 
another proprietary reagent. The capacity of the system is just under 
one cubic metre per hour and the products of this process are sodium 
hydroxide, sodium chloride and oil. PCB concentrations in the feed of 
one thousand ppm are reduced to concentrations of two ppm in the 
products. However, the company claims that higher concentrations in 
the waste streams could be tolerated. The cost per litre for this 
system is reportedly $.70. 
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(d) The PPM system also uses a proprietary reagent and the products 
of the reaction are sodium chloride and oil with air emissions of 
nitrogen and hydrogen. Typically concentrations of two hundred ppm 
PCB are reduced to non detectable levels. It should be noted that 
this system is permitted to treat concentrations up to ten thousand 
ppm. 

(e) The NAPEG system developed by the Franklin Institute. In this 
case the reagent is sodium poly-ethelyne-glycol with a molecular 
weight of four hundred. The reagent is usually identified as NaPEG 
four hundred. The operating temperature for this process is 
approximately one hundred and fifty degrees centigrade. In this 
process the reagent is shipped to the site and mixed after which the 
reaction takes place on site. The products of the reaction are sodium 
chloride, non-toxic organics and decontaminated wastes. This system 
is currently under review and may achieve some level of popularity due 
to its simplicity. We were advised that at the present time it costs 
approximately $1.50 per kilogram to treat PCB contaminated wastes 
using this system. 

One system which should be mentioned because it is slightly 
different is the system developed by Environmental International. 
This system is directed towards decontaminating capacitors. The 
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capacitors are rinsed, the metal is salvaged and the rinse material is 
treated with a proprietary reagent. This system is restricted to 
handling wastes having a maximum PCB concentration of five hundred and 
seventy ppm. The products of the process are oil and solid materials 
which can be land filled in the United States. 

The report identifies seven other systems of chemical 
dechlorination including the systems currently being developed by 
Ontario Hydro and B.C. Hydro. 

Radiant energy systems must be considered as high technology and 
are still in various stages of development. All of the systems use 
the same principle of using radiative energy to destroy the PCB 
molecule. 

Included in this classification are the Thagard fluidized wall 
system, the Plasma Arc process developed at RMC in Ontario which has 
recently been tested and shows a destruction efficiency of 99.9999% (I 
believe that a presentation was given to this conference in earlier 
years describing the process In detail). Other processes in this 
group include microwave systems including microwave plasma developed 
by Lockheed and recently abandoned by them due to lack of funding from 
EPA. The LARC, light activated reduction of a chemical, system uses 
ultra violet light to destroy halogenated organic materials. Ultra 
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violet light systems have also been developed by Ultrox, Vertac, Pure 
Water Systems and Oxyphoton. 

Oxidation systems which convert PCBs to CO2. H2O and HCl 
include the Modar System, identified as the super critical water 
system, which works at a temperature of five hundred degrees 
centigrade and a pressure of two hundred and fifteen atmospheres. 
This system has a destruction efficiency of 99.99% but as of this date 
is still at the lab scale. The more commonly known oxidation system 
is the WETOX system which has been described at earlier conferences. 
This system works at a temperature of one hundred and fifty to two 
hundred and fifty degrees centigrade but has only achieved a fifty to 
seventy per cent destruction rate of PCBs and is limited generally to 
those materials that are easily oxidized. More recently additional 
work has been undertaken in Michigan and this system could be somewhat 
more promising than was earlier reported. 

The IT Enviroscience oxidation system works at a higher 
temperature than the other systems and employs a catalyst. It is a 
variation of the WETOX system but as of yet it has still achieved a 
destruction efficiency of below 99%. 

Finally, in terms of processes, two systems or processes probably 
are worth mentioning. One is extraction systems whereby the PCBs are 
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extracted from the total waste stream and returned back to the owner 
for destruction, this obviously does not reduce the total problem 
significantly and the PCB problem remains -- albeit in concentrated 
form. At the present time seven companies offer extraction systems 
four of which are Canadian, All of these systems use well known 
technology. Lastly the bacterial systens which appear to have limited 
potential. Polybac has developed a bacteria strain which will work on 
PCBs and will achieve a 99.8% destruction over a period of eighteen 
days. Indications are that this technology will have limited 
application and it will be limited to the lower chlorinated 
bi phenyls. 

I have indicated on a number of occasions through this 
presentation, that additional details will be made available through 
the published report, and the best I could hope to do in this 
presentation was to indicate to you that there are many systems 
available, many systems that are both flexible and effective but 
unfortunately, at this time, in Canada, non-existent. So where does 
this leave us? We had and have some materials which somebody 
concluded should be removed from the environment. We have developed 
means to destroy them, to treat them, to extract them and to 
concentrate them. We have more than enough methods to choose from. 
We can guarantee a destruction rate of 99.99999%. For us in Canada 
with a closed border the problem isn't getting any smaller, in fact if 
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storage is seen as a greater threat than use, the problem may be 
increasing albeit in fewer locations. 

There are a number of proposals that are currently under 
consideration to provide hazardous waste management facilities, all 
subject to public scrutiny, public rejection and political decision. 
I would not like to predict the possibility of success. 

Personally I do not know what more we have to demonstrate as far 
as technology is concerned. If it is, as is most frequently 
suggested, a question of trust, then we have a very real problem 
because we have so many systems and an inability to demonstrate them. 
How then do we develop trust? 

It is to be hoped that the general public, the politicians and 
the special interest groups will allow us to demonstrate at least one 
of these systems so that we might develop trust. At Environment 
Canada we hope that the report that we commissioned, and will publish, 
will allow the public to see that there are many systems available, it 
will also indicate that levels of destruction can be achieved which 
certainly represent no threat to the environment. I hope that the 
attendees at this conference and other interested persons will avail 
themselves of this information leading eventually to the public's 
approbation allowing a system to be put in place. 
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INTRODUCTION 

It has been often stated that any process which is utilized 
to treat and/or dispose of hazardous waste is only as good as 
the manner in which it is operated and maintained. Even in 
the generation, handling, and collection of these wastes in 
the generator ' s plant , certain operating plans serve to organ- 
ize the company's efforts to better manage these wastes and 
prevent problems from occurring. 

In the United States, formal operating plans are required by 
the Resource Conservation and Recovery Act for any company 
that treats, stores, or disposes of hazardous wastes- A 
variety of other hazardous materials regulations also have 
certain requirements for formalized plans . Compliance with 
the regulations place great economic and operational demands 
on these companies - complete with potential enforcement 
penalties and intense public scrutiny. Regulations also 
exert considerable pressure on individual managers and cor- 
porations to develop new and effective approaches , management 
practices, policies and procedures, plans, commercial prac- 
tices , and employee training . 

Many companies now are beginning to realize the benefits which 
accrue from having these plans in their own operation. These 
benefits include: 
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• improved safety records with insurance savinqs 
and increased employee morale. 

• company public image protection . 

• avoidance of citations , penalties , and 
mediation costs. 

• minimize costs of regulatory compliance . 

From a risk avoidance point of view, these plans should help 
the company with early minimization of liability including 
environmental damage or injury to human health. They also 
provide early maximization of control of liability. 

The purpose of this paper is to briefly show what plans should 
be considered for a facility and what their major components 
should be. No attempt has been made here to cover every pos- 
sible item or to be specific to United States regulations. A 
common sense approach to the development and use of these plans 
should always be the rule. 

WASTE ANALYSIS PLAN 

Facilities which generate or manage hazardous wastes need to 
know certain information about these materials in order to 
handle them safely and to comply with regulatory reporting 
requirements . A waste analysis plan which is appropriate to 
the waste that is handled and the type of facility should be 
prepared and followed. Without such a plan , many waste gen- 
erators know very little about their waste properties. Care- 
ful watch should be maintained for changes in the process or 
operation generating the waste to see if its properties or 
characteristics are altered. 

The waste analysis plan describes the parameters for which each 
waste type will be analyzed. Also included should be the spe- 
cific analytical procedures used, sampling method to insure 
representative samples , and the testing frequency. If the 
waste management facility is removed from the waste generation 
location (i.e., off-site), specific procedures should be used 
to insure that the wastes received at the facility match the 
wastes designated on the manifest (i.e. , waybill) and match 
the wastes for which the facility is capable or approved to 
manage. Some level of creativity can be used by a skillful 
analytical chemist to minimize the costs while maximizing the 
benefits of such a program. This particular plan provides the 
facility with much information on the manner in which it should 
operate and the strictness of the items in the plans described 
below. It is also the plan which is most frequently disre- 
garded when establishing and implementing operation and main- 
tenance procedures . 
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SECURITY PLAN 

Facilities generating or managing hazardous wastes should have 
a written plan to prevent unknowing entry of people and mini- 
mize the potential for unauthorized entry of people or animals 
onto the active portions of the facility . This can be accom- 
plished by a number of means including: a 24-hour surveillance 
system, an artificial or natural barrier surrounding the facil- 
ity, or other means of controlled entry to the area. In all 
cases, signs with a legend such as "Danger - Unauthorized 
Personnel Keep Out" should be utilized . The signs should be 
in the predominant languages and posted to be seen from any 
approach and legible from a suitable distance (e.g., 25 feet 
in the United States) , 

As with other plans , the security plan should be in writing 
and must be kept current with changes in the facility. Other 
plans such as the inspection plan are designed to make certain 
that the components of this plan are intact over time. 

GENERAL INSPECTION PLAN 

It is most important that the facility be inspected for mal- 
functions and deterioration, operator errors, and damages which 
may be causing or lead to the release of hazardous waste con- 
stituents to the environment. A written inspection plan must 
be developed and followed on a fixed schedule. This will be 
based on a facility's critical processes, equipment, and 
structures and on the potential for failure and the rate of 
any deterioration processes (e.g. , corrosion, erosion, etc. ) 
which may lead to failure . The plan must contain provisions 
to remedy any defects noted in the inspections . These inspec- 
tions must be conducted often enough to identify potential 
problems in time to correct them before they can create prob- 
lems . The plan should identify the specific types of problems 
which should be looked for (e.g., inoperative sump pump, 
leaking fitting, eroding dike , etc. ) . A record should be 
kept of all inspections including when made , who made it , and 
note when repairs were made. A simple log book can be used 
for this record. Security personnel can be trained to make 
many of the more frequent inspection items . 

Inspection plans provide some incidental benefits to the 
facility. The records will assist management in auditing the 
reliability of certain equipment, the efficiency of maintenance 
activities, and the effectiveness of the inspection schedule. 
All of these items are important in risk and loss avoidance 
programs. Should an incident actually occur, records will help 
to reconstruct the events that led up to it and may also pro- 
vide a valuable resource for any emergency decisions that may 
be required. 
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Because of the importance of this plan to a facility, some 
further examples of what could be included are provided 
below: 

• storage areas - look for rust, corrosion, 
cracks, missing or improper labels, spills, 

• dikes - look for damage, structural weakening, 
examine drainage system for stoppage. 

• operating and monitoring equipment - check 
for normal operations and readings . 

• safety and emergency response equipment - check 
that it meets requirements. 

• security devices - check for damages . 

• vegetation on and around facility - check for 
damage. 

• active portion of facility - check for fugi- 
tive air emissions and odors. 

• records - record results of inspection in daily 
operating record. 

Information on the operating record is described later in this 
paper. 

PREPAREDNESS AND PREVENTION PLAN 

When dealing with hazardous wastes, facilities should be designed, 
constructed, maintained, and operated to minimize the possibility 
of a fire, explosion, or any unplanned sudden or gradual release 
of hazardous constituents to the environment. This plan is 
often included in the contingency plan. However, it is separated 
here to emphasize its importance in helping to prevent contin- 
gencies . 

The facility should be equipped with an internal communications 
system {e.g., alarms, telephones, hand-held two-way radios) 
capable of providing immediate emergency instructions to facility 
personnel . Immediate access to this equipment by employees is 
also important in case they need to summons emergency assistance . 

Portable fire extinguishers, fire control equipment, spill con- 
trol and decontamination equipment, water at adequate volume 
and pressure, foam producing equipment, and automatic sprinklers 
should be provided if necessary with proper testing, inspection, 
and maintenance to assure it will work properly in time of 
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emergency. Aisle space in the facility ir.ust remain unobstructed 
to allow for movement of personnel, fire protection equipment, 
spill control and decontamination equipment to any area during 
an emergency. 

Prior arrangements should be planned to familiarize police, 
fire departments, and emergency response teams with the layout 
of the facility, properties of the hazardous waste handled at 
the facility and any special associated hazards posed by the 
operation. 

The planning should invovle the formulation of any conceivable 
scenarios which would lead to the need for contingency and 
emergency actions followed by a description of what should be 
done. These items are discussed further in the plan below. 

CONTINGENCY AND EMERGENCY RESPONSE PLAN 

A contingency plan for a hazardous waste generator or manage- 
ment facility must be designed in an effort to minimize hazards 
to human health and the environment in the event of fire, ex- 
plosion, or any accidental release of hazardous waste to the 
air, soil , or surface water. This contingency plan should in- 
clude the following information: 

• the responsibilities of the facility's 
emergency coordinators . 

• definitions of what constitutes an emergency 
and a description of the planned response to 
any emergencies at the facility. 

• a list of the facility's emergency coordinators. 

• an evacuation plan. 

This plan should be kept up-to-date with amendments and revisions 
made when potential for discharge of hazardous waste change due 
to change in facility design, construction, or maintenance. 
Other reasons for change include: changes in emergency personnel 
or equipment or post-incident studies which recommend changes. 

The emergency coordinator designation is a most important ele- 
ment in the plan. A coordinator must be present whenever the 
facility is in operation . This person must be familiar with 
the operation and must be specifically listed with name and 
address in the plan. Among the duties of the emergency coordi- 
nator are the following: 

• activate on-scene alarms. 

• notify appropriate emergency agencies as 
necessary. 
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• notify local authorities if evacuation of 
local areas seems necesary. 

• in case of discharge, identify the discharged 
material as to quantity, character, source, 
and extent by using records, manifests, and 
chemical analysis, as appropriate. 

• cooperate with authorities. 

• provide for disposition of recovered wastes, 
contaminated soil or material resulting from 
the emergency . 

• insure no waste incompatible with the released 
material is handled until the emergency is 
over. 

• subsequent to shutdown, check pipelines and 
other equipment for leaks, pressure buildup, 
rupture, etc. 

• insurje all emergency equipment is restored to 
preincident condition. 

Other duties are assigned to this individual as appropriate. 

An evacuation plan should be incorporated into this document. 
It should outline likely evacuation routes together with 
alternate routes. Also included should be the signal which 
will be used to mark the beginning of the evacuation . 

Local fire and police departments, hospitals, ambulance ser- 
vices, government officials, and the facility's emergency 
coordinators and staff should all have copies of the contin- 
gency plan for reference in case of any emergency. This plan 
will offer each agency : 

• a full understanding of the emergency response 
program. 

• the understanding of their role in the program. 

• detailed information regarding the facility 
and its emergency response capabilities. 

• assistance in the training of individual agen- 
cies' personnel in terms of studying the layout 
of specific facilities and determining special 
requirements needed (e.g. , chemical spill/ fire 
handling, special equipment handling, etc.). 
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PERSONNEL TI^INING PLAN 

The purpose of this plan is to reduce the potential for 
mistakes which might threaten human health or the environ- 
ment by ensuring that facility personnel acquire expertise 
in the areas to which they are assigned. In order to function 
properly, personnel who work at hazardous waste management 
facilities or who drive equipment destined for such facilities, 
must successfully complete a program of classroom instruction 
or on-the-job training. This program should be directed by a 
person suitably trained in hazardous waste management pro- 
cedures (including contingency plan implementation) relevant 
to the positions in which they are employed. 

At a minimum, the training program is designed to ensure that 
facility personnel are able to respond effectively to emer- 
gencies by familiarizing them with emergency procedures, 
emergency equipment and emergency systems . Where applicable, 
the following items are included: 

• procedures for using, inspecting, repairing, 
and replacing facility emergency and monitoring 
equipment. 

• key parameters for automatic feed cut-off systems. 

• communications or alarm systems . 

• response to fires or explosions. 

• response to groundwater contamination incidents. 

• shutdown of operations. 

Ideally , the training program is extended to include both 
preparedness and prevention planning considerations to keep 
emergencies from happening. 

Another aspect of the training plan requires the facility 
operator to provide each employee who works with hazardous 
waste a job title and a written job description. Records 
must be kept with this information and documentation of the 
training received by each individual. Employees must not 
work in unsupervised positions until they have completed their 
training program. All facility personnel must take part in 
an annual review of their training. Records must be kept for 
these updates or whenever a person is given a new position at 
the facility which requires modification in the training needs. 
Training records on current personnel should be kept until 
closure of the facility. Training records for former employees 
need to be retained for at least three years from the employee's 
termination date . 
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The training plan is broken down by facility components. 
Each component, while retaining many similar training pro- 
gram elements , has its own unique considerations . Because 
many employees will work within a limited number of facility 
components, training needs are assessed and implemented in 
this manner. 

RECORDKEEPING PLAN 

Various regulations and the spec tor of liability claims make 
it imperative that a plan be written to designate which records 
should be maintained and how long they should be retained. 
Mani fest documents must be properly filled out and tracked . 
A program to retain them for three or more years is advisable. 
Training records generated from the plan described above must 
also be kept. 

One of the most important parts of this plan is a written 
operating record. This record should contain the following: 

• a description and quantity of hazardous waste 
generated/received . 

• method of treatment, storage, or disposal . 

• location and quantity of each hazardous waste. 

• records and results of waste analysis. 

• summary reports, 

• details of all incidents that required imple- 
menting the contingency plan. 

• records and results of inspections . 

• any monitoring, testing, or analytical data 
should also be included in the operating 
record. 

Recordkeeping formats should be simple and compact to insure 
that they will be utilized effectively and can be stored for 
the period required. 

GROUNDWATER AND LEACHATE MONITORING PLAN 

Facilities which have landfills or surface impoundments must 
have a groundwater and leachate monitoring plan. It is also 
available for facilities which have a high susceptibility to 
spillage or runoff from piles. This plan must be capable of 
determining the impact on the quality of groundwater in the 
uppermost aquifer underlying the facility . 
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The plan should specify the yroundwater moni toring system 
specifications including the number and location of the 
wells together with details on well construction. Attention 
must be given to the determination of background (upgradient) 
water quality conditions . 

When applicable , leachate monitoring should be conducted in 
the zone of aeration immediately beneath the facility and 
above the top of the water table. This will provide an early 
warning system, 

A sampling and analysis program should be designated which 
identifies sampling frequency, collection method, preservation 
and shipment of samples, chain-of-custody procedures, minimum 
parameters and analytical methods to be utilized , and the 
level of recordkeeping required. 

Facilities should seek the services of a competent hydro- 
geologist and environmental analytical chemist to help with 
the formulation of this important plan . Reliance on well 
drillers and plant chemists may lead to problems in the 
implementation and defensibility of this plan. 

CLOSURE AND PQSTCLOSURE CARE PLAN 

A closure plan describes how the facility will be closed ; a 
description of possible uses after closure ; and the anticipated 
time before the close-out, estimated time for closure and 
anticipated partial closures. In all cases, proper closure 
should minimize the need for further maintenance and controls , 
Closure must be completed within a specified time period after 
activity stoppage. All equipment should be disposed or 
decontaminated . The facility should be secured during closure 
to insure that humans and animals cannot come in contact with 
hazardous wastes and so discharges cannot occur. Even before 
closure is anticipated, a cost estimate should be prepared 
and assurance of closure should be provided. In every case, 
certification by a knowledgeable registered engineer should 
be obtained that the facility has been properly closed. 

Postclosure care is required when wastes remain on the site 
after closure. A program for monitoring and reporting must 
be established. Maintenance of security and containment 
devices must be provided. If ownership is transferred, the 
new owners must comply with the plan. As in the case of the 
closure plan, the facility must assure that it can bear these 
costs. 
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An Approach 

to 

Low Level Radioactive Waste Management 

by 
Alun W. James, 
Head, Radioactivity Unit, 
Waste Management Branch, 
Environment Ontario, Toronto. 



Some of you may be wondering why anyone from the Provincial 
Government would be speaking on the management of low-level radioactive 
waste - isn't that a Federal Government matter? 

nie Ministry of the Environment has traditionally taken the position that 
anything to do with low-level radioactive waste does come under Federal 
jurisdiction. The fact that 1 have been asked to speak here today doesn't 
mean that there has been a change in that position - but it does indicate 
that the Ministry is concerned about the problems of low-level radioactive 
waste. 

I'm afraid I won't be able to offer any easy solutions to these problems. 
What I will attempt to do is to give an overview of some of the Ministry's 
concerns and a summary of current work and future plans. 

'l"he first slide shows the six topics covered by this talk: 

(Slide #1: Contents of Talk) 

The sources of low-level radioactive waste in Ontario can be divided into 
four categories as shown in the next slide. 

(Slide #2: Sources of LLRW) 

(Slide #3: Definition of 'Incidental' LLRW) 
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About a year ago, the Federal Government commissioned Hickling - 
Partners Incorporated to put forward proposals regarding which agency 
should be responsible for the various sources of low -level radioactive 
waste and to recommend the management structure. The division of 
responsibility suggested by the Hickling - Partners' report is shown in 
the following slides: 

(Slide No. 4 : Proposed Primary Responsibilities for both Normal and 
Historic Wastes). 

(Slide No. 5: Proposed Ultimate Responsibility for both Normal and 
Historic Wastes) . 

It should be pointed out that the divisions of responsibility proposed in 
the Hickling report are the subject of on-going negotiations between the 
Federal and Provincial Governments. But even though Ontario's role in 
low*level waste management has not yet been agreed upon, the Province 
has already had some involvement in a number of LLRW problems - most 
notably the following: . 

(Slide 'No. 6: Recent Problem Areas Concerning LLRW). 

1 shall spend some time now describing the problems with the wastes from 
abrasive manufacturing industry because these epitomize some of the 
difficulties to be faced with the management of LLRW. 
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The Norton Company in Niagara Falls and the Exolon Company in Thorold 
manufacture abrasive products. In one of its processes, the Norton 
Company uses imported Baddeleyite sands - Exolon has, in the past, also 
used this sand. The Baddeleyite contains naturally occurring uranium, 
thorium, and radium in concentrations significantly greater than are 
normal for soils in Southern Ontario. 

TTie waste material from the use of the Baddeleyite also contains elevated 
concentrations of these radionuclides. Tliis waste was formerly taken to 
a privately owned landfill site. Both the Atomic Energy Control Board 
and the Radiation Protection Service of the Provincial Ministry of Health 
considered this to be a suitable disposal method. However, in 1980 the 
Regional Staff of the Ministry of the Environment were asked to review 
the wastes which went into the landfill site - the owners had decided that 
they would only accept wastes which could be defined by the Ministry of 
the Environment as being "Non-Hazardous". 

Regulation 309 of the Environmental Protection Act defines hazardous 
waste as follows: 

{Slide. No. 7: Regulation 309 Under the Environmental Protection Act. 
Definition of "Hazardous Waste"). 

As shown, radioactive waste is defined as being hazardous waste. But 
all materials on the earth's surface contain some radioactivity either from 
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naturally occarring radionuclides or from fallout from nuclear weapons 
testing. Thus, according to the regulations, all materials could be looked 
upon as being haiiardous due to their low concentrations of radioactivity. 
As a practical guideline, materials may be considered radioactive only if 
their concentration of radionuclides is greater than the concentration 
present in local soil. But even with this definition of radioactivity, the 
wastes from the use of Baddeleyite sand must still be considered 
rridioactive and therefore hazardous. Now "hazardous" materials cannot 
be disposed of in landfill sites unless the site has a Special Certificate of 
Approval to accept that waste. This special certificate can only be 
obtained after public hearings, or, in emergency cases, by Cal)inet 
Directive. The owners of the private landfill site did not want to f;o 
through the rigours of a public hearing so they declined from asking the 
Minis-try of the Environment for a Special Certificate of Approval to 
receive the Baddeleyite waste. 

In October 1980. therefore, the Ministry told the Norton Company to store 
the waste from use of the Baddeleyite sand on site until a disposal system 
has been developed. Exolon Company was no longer using Baddeleyite on 
a routine basis but did have some of the waste already stored on site. 
Norton Company has continued to use Baddeleyite sand in one of its 
processes, storing the waste in silos on site. 

But there is some good news: The Norton Company is presently installing 
a process which will be able to make pellets of the stored waste which can 
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then be re-introduced into the manufacturing process. This will con- 
siderably reduce the volume of waste which must be stored on site. But 
some wastes will remain and will have to be disposed of sometime. Which 
leads me to the next point I want to discuss - the appropriate means of 
the disposal of low-level radioactive waste. 

The degree to which a low-level radioactive waste should be isolated from 
the public realm should depend on the potential radiological hazard of the 
waste. As an initial attempt to determine the appropriate disposal means 
for a particular LLRW, it may be desirable to categorize the waste into 
one of three types depending on its radiological characteristics, lliese 
characteristics would include such things as leachability, radiation 
emissions, specific activity, radon generating capacity, half-life, etc. 

The next few slides give rough definitions of these three types. 

(Slides Nos. 8, 9 and 10, Proposed types of Radioactive Waste). 

I stress that these are only qualitative proposals and no quantitative 
differentiation has yet been made between the three types of low-level 
waste," nor between "type 3" wastes and "intermediate level" wastes. 
But as a real-life example of the need for these three types, I will return 
to the waste from the abrasive manufacturing industry discussed earlier: 

- 16 3 - 



In the fall of 1981 some stored waste material was taken from the Exolon 
property and used as landfill for a commercial building. When the local 
office of the Ministry found out about this use, they took samples of the 
fill material and had tliem analyzed at the Ministry of Labour's Radiation 
Protection Laboratory. The fill was found to have slightly elevated con- 
centrations of radium and thorium. 

But the material was not waste from the use of Baddeleyite - it was from 
the use of ordinary Bauxite , and Bauxite , too , has concent rations of 
radionuclides slightly higher than is present in some soils in Southern 
Ontario. 

We thus had to address three problems: 

1. Gould the waste material remain as fill for the commercial building? 

'I, If so, could the Bauxite waste be defined as "type 1" waste so that 
anyone could use it as fill? and 

3. If the Bauxite waste has now to be considered "radioactive" can it still 
be disposed of in landfill sites? 

The Ministry consulted with the AECB and the Ministry of Labour on 
these questions. In the spring of this year the MOL undertook radiation 
monitoring in the building. (Slide 11: Radium-226 decay chain). These 
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tests showed that the radon daughter cnncentration in the building was 
iiuly U.006 working Itjvels (WL). which is considerably below the U.02 WL 
guideline for areas where the Federal Government has undertaken 
remedial clean-up measures. 

So the owner was advised that there was no problem as of now, but that 
future tests would be undertaken. 

Does the fact that the radon daughter levels were low mean that the waste 
can be categorized as type 1 waste? i.e. can the Bauxite waste be used 
for building purposes? The answer is - we still don't know. It is still 
possible that if the building put up over the fill had had poor ventilation, 
the radon daughter levels may have been significant. 

The other question is "if the Bauxite contains any radioactivity above 
normal levels, should it be considered hazardous?" Our answer to this 
has been pragmatic. Tlie radionuclide concentration in the waste is only 
marginally above the concentration of radionuclides in some clays found in 
the area. Also, latroratory tests showed that the radionuclides in the 
Bauxite waste did not readily leach out under a range of pH conditions. 
So it has been decided that, for the time being at least, waste from use 
of ordinary Bauxite should not be considered a hazard and can therefore 
go to sanitary landfill sites. 
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However, Baddeleyite waste and some other industrial wastes in tho 
Province present a greater problem - these :nay have radionuclide 
concentrations ten times the averat^e concentration i:i soils in the general 
area. So how can we deal with these LI.RW's? What we need to do is to 
assign quantitative parameters to the three typos of waste described 
earlier - we need to know which wastes, if any, can be used for building 
purposes; which wastes, if any, can go to local landfill sites, and which 
have to remain in storage until a special LLKVV repository has been 
developed. 

It is generally accepted - e.g. by the International Atomic Energy Agency 
- that the best way to determine the appropriateness of a disposal 
practice is to estimate the radiation linse which a member of the public 
would receive as a result of the practice. Tliere are a number of 
pathways by which disposed waste could expose a member of the public- 

(Slide No. 12: Pathways of Exposure) 

As j«u are aware we are all continually exposed to radiation from cosmic 
rays and from naturally occurring radionuclides in the ground, in 
building materials, in our bodies and the bodies of people close to us. 
The average Canadian is exposed to alxiut 100 millirem per year - not 
counting medical or occupational exposure. 

(Slide No. 13: Unit of Radiation Doso Equivalent) 
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But how do we handle doses other than those from nature? 

A system of limiting additional dose has been recommended by the 
International Commission on Radiological Protection, the main features of 
which are as follows; 

(Slide No. 14: ICHH Hecoinmendatlon on Hose Mmitation) 

Itiese recommendations can be summari7,ed i^s a need for justification, 
optimization and compliance. 

The dose equivalent limit to an occupational! y exposed worker is 5000 
millirem per year. The dose equivalent limit to a member of the public as 
a result of a nuclear facility is 500 millirem per year. 

So 500 millirem per year represents a maximum permissible individual dose 
rate. Is there also a dose rate so low that it can be ignored from a 
regulatory viewpoint? 

Theoretically, any radiation dose no matter how small gives rise to the 
possibility of cancer induction. But the risk of the cancer induction 
decreases as the degree of the exposure decreases. The ICRP assumes 
that if one million people were exposed to one rem each, the excess cancer 
incidence would be about 100- So the risk from one rem is about one in 
ten thousand. Therefore the risk from one millirem per year is about one 
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in ten million per year, (10~'^/yr), Tliis is a risl< which most members of 
society will ignore in day to day living. But even if one in ten million is 
an insignificant risk, does that mean that one millirem a year is an 
insignificant dose rate? 

AECB staff are currently wrestling with the problem of what radiation 
dose rate might be considered insignificant from a regulatory standpoint. 
One of their tentative suggestions - based in part on draft 
recommendations of the International Atomic Energy Agency - is shown in 
the next slide: 

(Slide No, 15; AECB Staff's Tentative Recommendation on "Insignificant" 
Dose Rate to Individual Members of tlie Public) 

When the AECB has better clarified its position on the question of 
insignificant dose, it will issue a consultative document to obtain input 
from other interested parties - including the public. 

Staff of the Ministry of the Environment are anxiously awaiting this 
development; we think that the definition of an insignificant dose rate 
may be very helpful in our attempt to find a suitable disposal means for 
low-level radioactive waste. If it could be shown theoretically that a 
low-level waste from naturally occurring materials would give rise to an 
individual dose rate of less than the insignificant dose rate once it had 
been disposed of in a landfill site, then the radiological impact of the 
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disposal practice may be disregarded. [The estimated dose rate to the 
individual would have to include possible exposure from all pathways and 
from all LLHW in the landfill site). 

But what if the theoretical dose rate from the disposal of the waste were 
slightly greater than the insignificant value, by say five or ten millirem 
per year? Might this low dose rate, though not "insignificant", still be 
acceptable? And - a crucial question - who is to decide whether it is 
acceptable - the Federal Government, the Provincial Government, or the 
local community? 

But such decisions will not have to be made for some time yet, we first 
have to learn more about the pathways by which members of the public 
can be exposed to disposed wastes and how best to estimate the dose-rate 
from these pathways. Also, we must continue to work with the Federal 
Government to help develop a facility specifically for the disposal of 
low-level radioactive waste. 

These and related issues will, no doubt, continue to present technical 
and political challenges for both the Federal and Provincial Governments. 
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SLIDE #1 



AN APPROACH TO LLRW MANAGEMENT 



Sources 



Proposed division of responsibility 



Provincial involvements 



Disposal options 



Exposure pathways 



'Insignificant' dose rate 
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SLIDE #2 



SOURCES OF LLRW 



The nuclear fuel cycle 



Historic radium operations 



!SE OF RADIOISOTOPES 



'Incidental LLRW 
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SLIDE #3 



VIWCIDENTALLLRW' 



Contain RAnioNucLinEs which are 



Naturally occurring 



Of no use in process or useful chemically (not 
radiologically) 
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SLIDE #4 
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SLIDE #5 
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SLIDE #6 



RECENT PRQRLEM AREAS 



Malvern subdivision 
Historic radium-dial factories 
Abrasive manufacturing industries 
Phosphate industry 
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SLIDE #6 

MALVERN 

I expect that most of you have hecirrl about the low -level radioactive 
waste in the Malvern subdivision of Scarborough. This waste dates back 
to the 1940's; it originated at a radium dial-painting factory in Toronto 
and at a radium refinery at Port Hope. The waste was taken to what was 
then a farm in Scarborough for extraction of the radium and for research 
work. The farm was eventually sold and a subdivision built on the land. 
The soil in part of the subdivision is still contaminated as a result of the 
radium operations. 

The Atomic Energy Control Board has tried to find a disposal site for this 
contaminateci soil but has been restricted by public opposition and by a 
court -injunction which questioned AECB's authority to organize the 
management of low- level radioactive waste. 

Since the court-injunction, the Provincial Government has been trying to 
resolve the situation with the help of the Scarborough and Toronto 
councils, but we haven't been very successful as yet. 
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SLIDE #6 



HISTORIC RADIUM-DIAL FACTORIBS 



One of these - on Davenport Road in Toronto - was in the news about 8 
months ago. It was in operation riurin^ the ISflfl's. Staff of the AKCB had 
checked the building a few years ago and had found some areas of 
contamination. They cautioned that precautions would be needed if any 
major renovations were undertaken due to the possible spread of this 
contamination. Tn the latter part of 1981, renovations were started but 
the AKCB felt they were restricted from action by the court-injunction 
concerning the Malvern waste. So the Ministry of Labour undertook 
radiation monitoring and ensured that workers carrying out the 
renovation were protected from the contamination. The Ministry of the 
Environment issued a requirement that all contaminated waste had to be 
safely stored. 
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SLIDE #6 



PHOSPHATE INDUSTRY 

The phosphate industry imports phosphate rock from Florida. This rock 
contains concentrations of naturally occurring radionuclides greater than 
are normal for soils in Southern Ontario. The AECB has never regulated 
this industry in Ontario. 

The MOL has carried out on-site monitoring to ensure that the workers 
are adequately protected, and the MOE has, again, required that all 
contaminated wastes be safely stored on site. 
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SLIDE #7 



REGULATION 50Q (formerly 824) OF 
THE ENVIRONMENTAL PROTECTION ACT 



"HAZARDOUS WASTE" means waste that requires special 

PRECAUTIONS IN ITS STORAGE, COLLECTION, TRANSPORTATION, 
treatment or disposal, TO PREVENT DAMAGE TO PERSONS OR 
PROPERTY AND INCLUDES EXPLOSIVE, FLAMMABLE, VOLATILE, RADIO- 
ACTIVE, TOXIC, AND PATHOLOGICAL WASTE - 
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SLIDE #8 



'TYPE r WASTE 



Radiologically similar to 'normal' soil 



Meed not be isolated from public 



Can be used for building 
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SLIDE #9 



'TYPE T WASTE 



Uncontrolled use imprudent 

Radiological hazard not greater than hazard from 

WASTES disposed OF IN LANDFILL 
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SLIDE #10 



'TYPE 3 'WASTE 



Needs the isolation provided by a secure landfill 

SITE . 
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SLIDE #11 
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SLIDE #12 



PATHWAYS OF EXPOSURE 



Direct gamma-exposure 



RADIONUCLinES IN LEACHATE 



RAniONlJCLI Ol^'^ IN AIRRORNE DUST 



Airborne radon 



Radon in r,Roi)ND water or soil gas 



Radionuclides in food chain 
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SLIDE #13 



UNIT OF RAniATION DOSE EOUIVALEMT: REM 



Typical dose rate fRoy\ nature: 100 mrem/yr 

(New unit for dose equivalent: sievert 
1 Sv = 100 rem) 
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SLIDE #14 



DOSE LIMITATION 



Positive net benefit 



All exposures shall be ALARA 



Dose eoimvalent shall not exceed ICRP limits 
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SLIDE #15 



MNSIGNIFICANT' DOSE RATE 10 MEMBERS OF THE PUBLIC 



Pose rate 



UNACCEPTABLE 



DOSE RATE MUST 
COMPLY WITH 'ALARA' 
PRINCIPLE 



POSE RAT^ ' INSI LiN! FICANT' 
TO AN INDIVIDUAL 



500 mrem/yr 



1 mrem/yr (?) 
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R. Palombella 
Department of Engineering 
Regional Municipality of 
Hamilton-Wentworth 
Hamilton, Ontario 



AN mVOm^Y OF UQUID MD 
SPECIAL VASTBS FOR 
THE BBGIGNAL WJNICIPALnY GF VAlflHUX} 

By 

S. G. Nutt and E. E. Shannon 
CANVIRO Consultants Ltd. 

Kitchener, Oitario 

Background and Program Objectives 

Itie Itegional Municipality of Waterloo is located in the central part of 
Southern Ontario, incorporating some 524 square miles of land and encompassing the 
Cities of Kitchener, Waterloo and Cambridge arx3 the Ibwnships of Woolwich, 
Wellesley, Wilinot and North Dumfries (Figure 1). The population of the JRegion is 
approximately 307,000. Itie industrial base in the Region is diverse with virtual- 
ly all industrial sections , with the exception of tobacco, being represented . 
There are two large universities (University of Waterloo and Wilfred Laurier 
University) and one OOTinunity college (Conestoga College) situated in the Region. 




FIGURE 1 -REGIONAL MUNICIPALITY OF WATERLOO 
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In response to concerns expressed by Regional industries regarding the 
handling and disposal of liquid and special wastes, a program was initiated, aimed 
at providing solutions to the specific problems of industries and institutions 
within the Regional Municipality of Waterloo. Kiase I in the development of such 
solutions involved identification and quantification of wastes generated within 
the Region through an inventory of industry, institutions and other selected com- 
mercial establishments. Ilie specific objectives of the Regional inventory of 
liquid and special wastes were; 

1. Tto determine the types, quantities and physical/chemical charac- 
teristics of wastes produced by each source. 

2. To establish existing handling and disposal practices for these 
wastes. 

3. To compile and collate the inventory data in a format compatible 
with the objectives of future phases. 

The consultant team of CANVIRO CONSULTAITTS LTD, and SIMCOE ENGINEERING 
LIMITED were awarded a contract to conduct the inventory and complete the data 
compilation. The program commenced in September 1981 with funding being provided 
by the Ministry of the Environment , the Ki tchener Chamber of Commerce , the 
Department of the Environment and the Regional Municipality of Waterloo. 

Methodology 

The first step in the inventory process involved the development of a 
"Master List" of industries, institutions and commercial establishments that were 
potential generators of liquid or special waste. Several data sources were 
utilized and cross-checked to compile the "Master List" as follows: 

1 . Listing of industries for sewer surcharge monitoring as contained 
in Region of Waterloo Engineering Department, Laboratory files. 

2 . Mai 1 ing lists from Reg ional Chambers of Commerce and Board s of 
Trade incl ud ing Ki tchener , Waterloo , Cambr idge , Elmi r a-Wool wich , 
and New Hamburg. 

3. Industrial listings for municipalities in the Region in "Scotts 
Industrial Directory for Ontario Manufacturing" 13th Edition, 
Penstock Directories Limited (1980). 
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In some cases the decision to include the particular industry on the 
"Master List" was based on the consultant's knowledge or prior experience with 
the company. 

A questionnaire and coding format was developed specifically for this 
project. The coding system was necessary to provide a degree of confidentiality 
for the data and for subsequent computer analysis of the inventory data. In 
general, the questionnaire was designed to gather the following types of informa- 
tion on each waste generator: 

1 . Background Data 

- Standard Industrial Classification (SIC) 

- number of eiployees 

- water usage 

- wastewater treatment processes (if used) 

- type of sludge treatment 

2. Liquid and Special Waste Data 

- general waste type 

- waste characteristics (contaminants, pH, % solids, etc.) 

- corrosivity, reactivity, toxicity and ignitibility information 

- storage method 

- storage time 

- present and future waste quantity 

- disposal method 

- waste hauler (if applicable) 

In addition, provision was made for ocenpiling other relevant informa- 
tion (process flow diagrams, etc) on the waste generator. 

Industries, institutions and oonmercial establishments that were poten- 
tial generators of liquid and special wastes were contacted initially via the 
appropriate Chamber of Conmerce or Board of Trade. Subsequently, telephone con- 
tact was made by the Consultant and relevant data regarding the industry and any 
wastes generated were obtained by telephone or during an on-site interview depen- 
ding on the complexity of the information. All interviewers were environmental 
erigineers or technologists with specific experience and knowledge of industrial 
processes and wastewater treatment. 

All of the questionnaire (telephone or on-site interview) data that had 
been compiled on the coding forms was entered onto a oanputer diskette (5 1/2" 
flc^jpy disk) for subsequent microcotrputer analysis. The ccmputer systeia utilized 
for this project was an ;^le system, comprising an Apple II 48K microcomputer 
with ducil disk drives, and a Microsoft Z80 Softcard. The system disk contains all 
data provided on the coding form, and all necessary software - written in Micro- 
Soft Basic - for data handling and analysis. The use of this program permits a 
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search for wastes which match any number of specific conditions (variable valuc-s), 
and is not restricted to a single condition. For example, it is possible to 
conduct a search for all wastes which contain a specific contaminant, and which 
are generated by a specific type of industry, and are located in a specific 
municipality. 

Results and Discussions 

A total of 455 industries in the Region were contacted during the 
course of the inventory. The distribution of industries according to Regional 
areas (Kitchener, Waterloo, Cambridge, Tbwnships) is surmarized in Table 1. Of 
those contacted, 127 industries, equivalent to 27.9 percent of the total, do not 
generate any liquid or special wastes. Eight of the 455 industries contacted had 
ceased operating or were in the process of closing. A further five industries 
indicated during the interview that they do not generate any liquid or special 
wastes; however, based on the process descriptions and product lines, it was felt 
that some wastes would probably be produced from these operations. Only three 
industries, or less than one percent of those contacted, were unwilling to 
co-operate in providing information with respect to the generation and handling of 
liquid and special wastes. 

TABLE 1. SUMMARY OF INDUSTRY ODWrACTS BY raGICNAL AREA 





KITCHENER 


WATERLOO 


CAMBRIDGE 


TOWNSHIPS 


TOTAL 
REGION 


% OF TOTAL 
INDUSTRIES 


Number of Industries 
Contacted 


165 


94 


142 


54 


455 


■~ 


Number of Industries 
iViat Had No Wastes 


53 


27 


36 


11 


127 


27.9 


Number of On-Site 
Interviews 


24 


11 


15 


8 


58 


18.6* 


Number of Process 
Flowsheets Generated 


12 


10 


18 


8 


48 


15.4* 


Number of Individual 
Wastes Generated 


227 


113 


218 


95 


653 


— 



* Expressed as percentage of industries that reported wastes (312 industries) 
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From the 312 industries whidi generated seme form of liquid or speci3l 
waste, a total of 653 individual wastes were identified, distributed as shown in 
Table 1 . For more than 80 percent of these wastes { 530 individual wastes) , 
satisfactory information was obtained from the industry contact with respect to 
the types of contaminants present and the handling and disposal practices used. 
In the remaining cases {123 wastes or 18.8 percent of the total), certain critical 
information regarding the waste could not be obtained fron the industry. 

Few industries had quantitative information with respect to the 
characteristics of the individual wastes. pH data were recorded for only 89 
wastes or approximately 12.7 percent of the total. Solids concentration data were 
available for 99 wastes (15.2 percent). In more than half of these cases, the pH 
and solids concentration data were estimated by the interviewer based on the 
information on waste composition provided by the industry. None of the industries 
contacted provided analytical data characterizing the concentration of 
contaminants in the wastes. 

As shown in Table 1, on-site interviews were conducted with a total of 
58 industries, equivalent to approximately 20 percent of those industries which 
produced some type of liquid or special waste. From these industries, process 
flowsheets were generated for 48 cases. 

Ttatal Quantities of Wastes Generated 

Et>r purposes of this study, liquid and special wastes were quantified 
in either In^rial gallons (if they were clearly liquid wastes) or in tons (if 
they were judged to have a total solids content greater than approximately 25 
percent). The total quantity of liquid and ^>ecial wastes is reported in wet tons 
per year, determined by the d'rf^ct conversion of the volume of liquid wastes to a 
wet weight equivalent in tons. 

The total quantities of liquid and special wastes generated in the 
wogional Municipality of Waterloo are summarized in Table 2, classified by 
rejional area. Ihese data are presented graphically in Figure 2. Tine total 
volune of liquid wastes is approximately 9,952,000 Igal/yr and the total weight of 
the solid wastes is ^proximately 182,100 tons/yr. Ttius, the total quantity of 
liquid and special wastes generated annually is ^proximately 231,900 wet tons. 
Industry in the Ibwnships (WOolich, Wellesley, Wilmot and North Dumfries) is 
responsible for the generation of over 60 percent of the liquid wastes, while the 
City of Kitchener generates approximately 26.4 percent of the liquid wastes. 
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Industries in the cities of Cambridge and Kitchener generate approximately 52.9 
percent and 36.2 percent of the solid wastes, respectively. 

TABLE 2. SUMI-IARY OF WASTfc; QUANTITIES GENERATED BY REGIONAL AREA 





KITCHENER 


WATERLCX) 


CAMBRIDGE 


TOWNSHIPS 


TOTAL 


Volume (Igal/yr) 

% of Ibtal Liquid 
Wastes in Region 


2,629,295 
26.4 


326,235 
3.2 


977,255 
9.8 


6,019,500 
60.6 


9,952,285 
100.0 


Weight (Tbns/yr) 

% of Total Solid 
Wastes in Region 


65,842 
36.2 


476 
0.3 


96,323 

52.9 


19,441 

10.6 


182,082 
100.0 
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FIGURE 2 - DISTRIBUTION OF LIQUID AND SPFCIAL INDUSTRIAL WASTES 
IN THE REGIONAL MUNICIPALITY OF WATERLOO 
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Table 3 describes the distribution of Regional wastes in terms of 
quantities of individual wastes generated annually, A major fraction (more than 
60 percent) of the individual wastes for which quantitative data are available are 
generated at a rate of less than 1 , 000 Igal/yr or 5 tons/yr . However , these 
wastes represent less than 1 percent of the total quantity of waste generated in 
the Region. Wastes generated at annual rates exceeding 10,000 Igal/yr or 50 
tons/yr account for only 20 percent of the number of wastes in the Region but 
represent more than 96 percent of the total quantity of Ffegional wastes. 

TABLE 3. DISTRIBUTION OF WASTES BY QUALITY IN THE PBGION 



QUANTITY OF 
WASTE 
Tons/yr or Igal/yr 


TOTAL 
NUMBER 

OF 
WASTES 


LIQUID WASTES 


SOLID mSTES 


TOTAL QUANTITY 
(Igal/yr) 


% OF TOTAL 
QUAOTITY 


TCTTAL QUANTITY 
(tons/yr) 


% OF TOTAL 
QUANTTITY 


<5 or <1,000 


387 


71,050 


0.7 


69 


<0.1 


5 - or 1,000 - 
50 10,000 


117 


320,655 


3.2 


753 


0.5 


>50 or > 10,000 


125 


9,560,580 


96.1 


181,260 


99.5 



Quantities of Individual Vfaste Types Generated 

Wastes generated in each regional area and for the Regional 
Municipality were categorized according to waste type. A total of 41 individual 
waste types in six major categories (Organic Liquids, Inorganic Liquids, Organic 
Sludges, Inorganic Sludges, Solid Wastes and Miscellaneous Special Wastes) were 
identified during the course of the waste inventory. 

Figure 3 sunmarizes graphically the quantities of liquid and solid 
wastes generated in the member municipalities and in the Region for each of the 
six major waste categories. The relatively anall contribution of Waterloo 
industry to the total Regional waste productic« is evident. In Kitchener and 
Cairforidge, Solid Wastes represent the principle waste category, accounting for 
almost 95 percent of the total Solid Wastes generated in the Region. Organic 
Sludges make up a large portion of the remainder of the Kitchener and Cambridge 
total waste. In the Townships, Organic and Inorganic Liquid Wastes, Organic 
Sludges and Solid Wastes all contribute significantly to the total waste quantity 
generated. 
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FIGURE 3— QUANTITIES OF WASTE CATEGORIES GENERATED BY INDIVIDUAL 
REGIONAL AREAS 



Regionally, the total quantity of Miscellaneous Special Wastes which 
includes such specific waste types as pesticides and herbicides, PCBs, patho- 
logical wastes, explosives, asbestos-containing wastes, radioactive wastes and 
miscellaneous laboratory wastes, arounts to 208,105 Igal and 193 tons/yr. 

Food-related industries, primary metal and metal finishing industries 
and chemical and allied industries are the most significant contributors of liquid 
and special wastes. Baod related industries alone account for approximately 
5 . 772 , 000 Igal/yr and 72 , 038 tons/yr of liquid and sol id wastes , respectively. 
Foundry sands account for approximately 50 percent of the special solid wastes 
generated in the Region. 

with the exception of fcxx3-related wastes and foundry sand, only acidic 
and alkali solutions and miscellaneous inorganic liquids contribute more than 5 
percent each to the total quantity of either liquid or solid wastes. The other 
fraction of the total is distributed over the remaining 37 waste type sub- 
categories. 
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TABLE 4. SUMMARY OF STORAGE METHODS USED FOR LIQUID 
AND SPECIAL INDUSTRIAL WASTES 



STORAGE 
METHOD 
CODE 


STORAGE 
METHOD 


NUMBER 

OF 
WASTES 


LIQUID WASTE 


SOLID ViRSTE 


TOTAL QUAOTITY 
IGAI/YR 


% OF TOTAL 
QUANTITY 


TOTAL QUANTITY 
TONS/YR 


% OF TOTAL 
QUANTITY 


1 


Pits/Lagoons 


8 


49,000 


0.5 


2,002 


1.1 


2 


Drums 


220 


229,165 


2.3 


2,593 


1.4 


3 


Tanks 


100 


6,965,320 


70.0 


35,995 


19.8 


4 


5 Gal Pails/ 
Jugs 


56 


12,134 


0,1 





0.0 


5 


Wboden Boxes 


7 





0.0 


15 


0.0 


6 


Piles 


17 





0.0 


12,164 


6.7 


7 


Disposal Bins 


88 


1,244,630 


12.5 


119.088 


65.4 


8 


Within 
Process 


118 


1,435,515 


14.4 


8,621 


4.7 


9 


Not Stored 


32 


12,318 


0.1 


598 


0.3 


- 


Unknown 


7 


4,203 


0.1 


1,006 


0.6 


Total 


653 


9,952,285 


100.0 


182,082 


100.0 



A significant quantity of waste materials accumulates in batch reactors, 
settling pits, sumps and recirculation systems within the industrial processes. 
TBiese materials are removed on an intermittent basis for disposal and separate 
on-site storage facilities are not normally provided. 

In terms of the number of wastes generated, there is no significant trend 
in the storage time provided prior to disposal. As shown in Table 5, 37.5 percent 
of the 653 wastes are stored less than one month carpared to 31,0 percent of the 
wastes vrfiic^ are stored for nine months and longer c»i-site prior to final dispo- 
sal. However, it is evident that wastes that are stored for longer than one month 
represent mainly wastes that are generated in anall quantities. More than 94 per- 
cent of the total quantity of liquid wastes generated in the Region and more than 
98 percent of the solid wastes are removed from the industrial site within coe 
month or less. 
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Relationship Between Industry Characteristics and Waste Generation 

Large industries (employing more than 250 people) generate more than 42 
percent of the toteil liquid wastes and 36 percent of the total solid wastes in the 
Region, although they represent less than 10 percent of the total number of indus- 
tries contacted. Snail industry {less than 100 employees) generated c*ily ^proxi- 
mately 46 percent of the total liquid and less than 14 percent of the solid waste 
quantity despite representing nore than 70 percent of industries in the Region. 

On an industry wide basis, there is no apparent correlation between 
number of ejnployees and quantity of waste generated. However, it is possible that 
a more detailed analysis of the data from individual industrial classifications 
might yield a better correlation between waste generated and number of employees 
within each classification. 

Similarly, there is no ^parent correlation between water use and waste 
generation on an industrial basis. Industries reporting daily water consun^Jtion 
in excess of 1,000,000 IGPD are responsible for approximately one-third of the 
total liquid waste quantified. However, industries reporting water usage of less 
than 10,000 IGPD are responsible for an almost equal quantity of liquid waste (23 
percent of the total ) . 

Waste Handling Practices 

More than one-third (33.7 percent) of the 653 individual wastes gener- 
ated in the Region are stored in drums, according to the sumnary of storage met- 
hods presented in Table 4. Pfowever, this storage method is generally utilized for 
wastes generated in small quantities as less than 2.5 percent of the total 
Regional liquid waste quantity and less than 1.5 percent of the solid waste is 
handled by this method. Wastes generated in large quantities are typically stored 
in tanks prior to disposal. Approximately 15 percent of the 653 wastes are han- 
dled in this manner, but this represents 70 percent of the total quantity of 
liquid wastes and 20 percent of the total quantity of solid wastes. 

Disposal bins and piles are typically used for storing solid wastes, 
such as foundry sands, and food processing solid residues. A significant number 
of the liquid wastes stored in disposal bins are oils and solvents which are co- 
disposed with other solids wastes by this method. Approximately 1,100,000 Igal/yr 
of the liquid quantity being stored in disposal bins is wet food processing 
sludge. 
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TABL£ 5. SUMMARY OF STORAGE TIME FOR LIQUID AND SPECIAL INDUSTRIAL WASTES 



b'lORAGE TIME 


NUMBER 

OF 
WASTES 


% OF 
TOTAL 

NUMBER 
OF 

WASTES 


LIQUID WASTE 


SOLID mSTE 


TOTAL 
QUANTITY 
IGAL/YR 


% OF 
TOTAL 
QUAm-ITY 


TOTAL 
QUANTITY 
TONS/YR 


% OF 
TOTAL 
QUANTITY 


One Month and Less 

Between Two and 
Eight Months 

Nine Months and 
Greater 

Unknown 


245 
194 

197 

17 


37.5 
29.7 

31.0 

2.6 


9,411,360 
471,716 

64,593 

4,616 


94,6 
4.7 

0.6 

0.1 


178,726 
860 

2,300 

96 


98.2 
0.5 

1.2 

0.1 


TOTAL 


653 


100.0 


9,952,285 


100.0 


182,082 


100.0 



Fate of Liquid and ^jecial Wastes in the Rggion of Waterloo 

Figure 4 summarizes the fate of liquid and special wastes generated in 
the Regional Municipality of Waterloo in terms of the disposal methods and dispos- 
al locations. 

Ihe vast majority of wastes generated by Regional industry are hauled 
away from the source. If a potential for resource recovery exists for the indus- 
try generating the waste, it spears that such recycling schesnes are presently 
being practiced in most cases. 

Approximately 30 percent of the liquid wastes and less than 1 percent of 
the solid wastes generated in the Region, exclusive of food industry wastes, are 
presently being removed from the Region, for disposal and/or recovery. Facilities 
within the Region handle approximately 7,083,000 Igal and 180,900 tons of waste 
materials annually. Local recovery services are available to handle used lubrica- 
ting oils, cutting fluids and most solvents and are presently treating ahnost all 
of these waste materials. 

Wastes which are not presently handled within the Region are primarily 
Inorganic and Organic Liquids and Organic Sludges. Disposal of these materials is 
approximately equally divided between the Tricil facility at Sarnia and the United 
States. Tbtal quantity of liquid and special wastes removed from the Region of 
Waterloo annually is approximately 2,954,000 Igal and 1,200 tons, exclusive of 
food-related wastes handled by renderers outside the Region. 
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FIGURE 4 - FATE OF LIQUID AND SPECIAL WASTES IN THE REGION OF WATERLOO 



Although the vast majority of waste materials v^ich are generated with- 
in the Region are presently teing handled by environmentally-acceptable methods, a 
number of exairples of questionable disposal practices were identified. Approxima- 
tely 8,800 Igal/yr and 450 tons/yr of a wide variety of liquid and solid wastes 
are disposed of on the property at the industrial source. In most cases, this re- 
presents small quantities (<100 Igal/year) of used lubricating oils and cutting 
fluids; however, in some cases, organic solvents and a variety of sludges are also 
disposed of by this method. 

Long-term storage of approximately 30,500 Igal/yr and 570 tons/yr of 
liquid and special wastes represents a potential problem and, in most cases, is 
unnecessary as suitable disposal locations or methods are available for the major- 
ity of these wastes. Vne exception is eight wastes containing PCBs, for viiich no 
acceptable disposal method is currently available. 

/proximately 374,200 Igal/yr of liquid industrial wastes which are in- 
cluded in the inventory are received by Regional sewers. Landfill sites in the 
Region receive approximately 4,000 Igal/yr of Organic Liquids, the majority being 
mixed with sanitary garbage in small quantities and co-disposed. Itie former 
disposal method may be acceptable depending on the waste constituents and 
quantities. The latter disposal methcx3 is environmentally unacceptable and 
alternate methods are available for disposal of these materials. 

The fate of only a small fraction (less than 1 percent) of the total 
wastes generated in the Region could not be firmly established based on the inven- 
tory data. This fraction includes 50,000 Igal/yr and 31 tons/yr of Organic and 
Inorganic Liquids and Sludges, 

Conclusions 

Based on the results of the inventory, the following major conclusions 
are drawn: 

• A total of 9,952,000 Igal/year of liquid wastes and 182,100 tons/year 
of special solid wastes are presently generated in the Regional 
Municipality of Waterloo. This is equivalent to a total annual waste 
generation of 231,900 wet tons. 

• Food-related industries generate 5,772,000 Igal/year of liquid wastes 
and 72,038 tons/year of solid wastes. Foundry sand from primary metal 
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wcistes. Other major waste types identified during the inventory are 
acidic and alkali solutions and miscellaneous inorganic liquids, 

• Few industries had quantitative data on waste diaracteristics. 

• The majority of the wastes generated in the Region are presently 
being handled within the Region, Wastes being removed frcm the Region 
for disposal are primarily inorganic and organic liquids and organic 
sludges which are presently being handled by Tricil at Sarnia and in 
the United States, 

• Specific areas of concern identified during the inventory include: 

i) land amplication on-site of oils, cutting fluids and solvents, 
ii) the unnecessary long-term storage of a variety of wastes, 
iii) the oo-disposal of snail quantities of liquid wastes to landfills, 
iv) the disposal of liquid wastes to the Regional sewer system, 
v) the unknown fate of ^proximately 50,000 Igal/year of liquid 
wastes and 31 tons/year of special solid wastes - 
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TRICIL'S NEW INCINERATION PLANT 

AND THE COMPANY'S EXPERIENCE WITH 

THE HEARING FOR THE PROJECT 

by 
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Mississauga, Ontario 



Introduction 



Tricil has recently begun construction in Sarnia on a 

new incineration system, to replace the existing plant. 
This follows three years of research and development, 
process design, and environmental approvals. There are many 
unique features to this project which make it a major step 
forward in industrial waste treatment in North America. 
This paper addresses two major aspects of the project; plant 
design and environmental approvals. 

1 . Plant Design 

Before describing the process components in detail, it 
would be worthwhile to describe the basic concept and how it 

was developed. 
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The existing incinerator destroys organic liquids at 
high temperatures and the products of combustion are 
discharged directly to the atmosphere together with a great 
deal of waste heat. Emissions are maintained within the 
regulations by exercising strict control over the incoming 
waste products and incinerator feed stock. This also tends 
to restrict the flexibility of the incinerator. 

In the new system the hot combustion gases will be 
partially cooled with an air-cooled heat exchanger, passed 
through a spray dryer and baghouse, and discharged to the 
atmosphere. In the spray dryer, pretreated alkaline waste 
material will be injected into the hot gas stream. The 
alkaline liquid will be evaporated to dryness, the majority 
of the acid gases generated in the incinerator will be 
neutralized, and the flue gas temperature reduced to 200 'C, 
The alkali is converted to a dry, free-flowing powder. The 
baghouse removes the majority of suspended particulate from 
the gas stream. 

The basic concept was first developed in the spring of 
1979. Preliminary calculations indicated that the concept 
was feasible, and a series of experiments, conducted at the 
test facilities of a spray dryer manufacturer, confirmed 
this. During 1980 a small spray dryer was purchased and a 
pilot plant system, designed and built by Tricil, was 
installed in Sarnia, Actual stack gases were used as the 
feed stream to the pilot plant. The pilot plant consisted 
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of a pre- quench chamber, spray dryer, cyclone, baghouse and 
fan. The fan discharge was returned to the incinerator so 
the system could operate in closed circuit. Testing began 
in late 1980 and was completed in the spring of 1981. The 
purpose of the pilot program was to measure the effects of 
temperature drop, final temperature, solids content in the 

spray dryer feed, moisture content of the gas stream, 
cyclone and baghouse collection efficiencies, and to collect 
samples of spray dryed solids for further testing, Ontario 
Research Foundation were contracted to assist Tricil in the 
test program. 

Samples of collected solids were used to conduct 
pellet i zing tests in the pilot facilities of an equipment 
manufacturer. 

The results of the test program provided all the 
necessary data to specify the design basis for the full 
scale system including temperature drop, final temperature, 
alkaline solids content, gas moisture content, gas residence 
time, and air-to-cloth ratio. In addition, the tests 
indicated that the use of cyclones would be neither helpful 
nor desireable and these were therefore eliminated from the 
design. 

Final design was completed by the spring of 1 981 and 
this formed the basis for Tricil 's application to the 
Ministry of the Environment. 
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2. Process Components 

The followinq sections describe some of the principle 
desiqn features of the major process components of the new 

plant. 

a) Incinerator 

The incinerator is a horizontal unit with circular 
cross-section, 3.7 metres in diameter and 13.7 metres long. 
In the primary zone rich organic wastes are burned at a 
temperature between 1300 and 1400*C at 85% excess air with a 
gas residence time of 0.9 seconds. Lean wastes are injected 
into the products of combustion- In the secondary zone, 
following lean injection, the temperature is between 750 and 
825'C at 55% excess air with a residence time of 1.5 
seconds • These conditions are more rigorous in all respects 
than the conditions in the existing Sarnia incinerator, 
which has been found in numerous test programs to comply 
with all the regulations of the Ministry of the Environment. 

b) Heat Exchanger 

The gases from the incinerator are prequenched to 
700''C, and pass into a vertical air-cooled heat exchanger. 
The exit temperature from the heat exchanger is 4 50 'C. 
Provision has been made to use the waste heat as preheated 
combustion air at a later date. 
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c) Spray Dryer 

The qases enter the spray dryer chamber at 450*C, are 
quenched with alkali and water supplied through separate 
nozzle systems, and exit at 200*C. A portion of the dry 
solids (about 20%) is collected at the bottom of the spray 
dryer and discharged through a rotary valve. The balance of 
particulate leaves the spray dryer with the gas stream. 

d ) Baghouse 

The baghouse is a four compartment unit with a total of 
1,080 bags, giving an air-to-cloth ratio of 3.2:1 at mean 
Clow and 4.9:1 at maximum flow. The system is equipped with 
a bypass for start-up and shutdown, and has the capability 
for both on-line and off-line cleaning. The overall 
efficiency of the gas cleaning system is as follows: 

HCi - greater than 85% 

SO2 - greater than 75% 

Particulate - greater than 99% 

e) Ash Handl inq System 

Ash residues are collected at three points, the 
incinerator, the spray dryer and the baghouse. The material 
is transferred by enclosed screw conveyors to a bucket 
elevator and to a storage silo. The solid material, which 
can be characterized as a light free-flowing powder, is then 
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processed through a pelletizer, to eliminate dust problems 
and discharged to a container for transportation to the 
landfill. 

f ) Stack 

The replacement stack will be 225 feet in height and 
insulated, 

H) Alkaline Tankage 

Alkaline liquids and sludges will be received into an 
inground receiving tank, transferred to two storage tanks, 
and processed over vibrating screens to remove coarse 
suspended solids. Finally, the alkaline material will be 
blended with process water to give the appropriate feed 
stock for the spray dryer. 

Ij) Organic Tankage 

A second organic separation tank is being added to 
extend the available time for phase separation. 

l| Instrumentation 

The system is equipped with appropriate instrumentation 
throughout to ensure that the important process parameters 
are continuously monitored. Warning devices throughout the 
system identify conditions outside normal operating ranges. 
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All of the feed lines to the incinerator and spray 
dryer are equipped with automatic composite samplers. 
The twenty-four hour composite samples obtained are analysed 
on a daily basis to provide an accurate record of the feed 
to the system. Temperatures throughout the system are 
continuously monitored and recorded. The monitoring of 
final emissions is described in a subsequent section. 

j ) Operations Building 

As part of the project, a new building is being 
constructed to house the incinerator and other process 
equipment, and to provide a number of important support 
facilities. These include a new lab of about 1,000 ft^ in 
area, a maintenance shop with a high bay area, new 
facilities for the operators including showers, change rooms 
and a lunchroom, some additional office space, the boiler 
room and the motor control centre. 

Because of the extent of the modifications, it has also 
been necessary to upgrade the electrical supply to the 
plant, install a gas line and convert the entire plant to 
natural gas, and install a main water supply line. The 
water supply is the most difficult of these because the 
distance from the nearest existing main is greater than 4 
miles. The line has been sized to provide sufficient 
surplus capacity for Tricil's neighbours should they wish to 
tie into the new supply line. 
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3. Environmental Protection and Design Safeguards 

The basic design of the plant is such that 
environmental protection is maximized. The incinerator 
design, combined with the spray dryer and baghouse insure 
that all emissions are just a small fraction of the levels 
permitted by Ontario regulations. Also, by lowering the 
stack a as temperature, it has been possible to install a 
more comprehensive stack monitoring system including opacity 
monitor, hydrocarbon analyser, and SO2 analyser. 

The reduction of alkaline sludge materials to dry solid 
pellets will result in a reduction in landfill 
utilization for process residues, and is an additional 
benefit. 

Many of the details of the design have been 
incorporated to ensure operational integrity and employee 
safety. Apart from the stack monitoring system, the entire 
process is heavily instrumented with all the information 
being transmitted to the central control room. The 
automatic ash removal system minimizes operator contact with 
this material. The automatic temperature control system in 
the spray dryer maintains the gas temperature within tight 
operating limits to protect the baghouse and other 
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downstream components. A relief stack, which opens under 
conditions of incinerator overpressure, has been 
incorporated. The plant shutdown sequences have been, to a 
large extent, automated to minimize the possibility of human 
error. The baghouse has been overdesigned , so that one 
compartment can be taken off-line for bag maintenance 
without necessarily shutting the plant down. A baghouse 
bypass has been provided for start-up and shutdown to 
prevent condensation on the bags. An emergency water quench 
system has been provided in the spray dryer in the event 
that the alkaline waste material feed should fail. All the 
controls for the plant are located in a remote, air 
conditioned, control room. Finally, a hydraulic hoist is 
being installed at the unloading station to enable the 
operator to sample trucks from the top, without having to 
climb up and down ladders with sample jars and sampling 
equipment in his hands, 

4. Capabilities of the New System 

The construction of this new modern facility will 
provide Ontario's waste generating industries with a 
sophisticated, environmentally safe outlet for most of their 
by-products through the 1980's and 90 ' s . Besides being a 
replacement for the existing incinerator, the new system 
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does of course have a broader range of capabilities. For 
example, the inclusion of air emission control equipment 
will impose less restrictive ash content constraints on the 
incoming waste materials. This is particularly important in 
that it will permit Tricil to incinerate inorganic materials 
that are contaminated with organics unsuitable for other 
types of treatment. The new Certificate of Approval also 
permits Tricil to receive and incinerate organic materials 
contaminated with low levels of chlorinated solvents. There 
is a significant number of wastes which falls into this 
category. The increased capacity for storage is an obvious 
benefit, and the improvement in the organic/aqueous 
separation which this will provide will maxiirtize the use of 
high energy content waste materials. The entire plant has 
been designed with a view to maximizing the throughput. It 
is significant that the maximum design throughput of the new 
incinerator will be unchanged from that of the existing 
system, but the actual throughput will be increased by 
approximately 20%. 

The new system does have certain limitations, and it is 
important that these be understood. It is not approved for 
the incineration of chlorinated solvents or polychlor inated 
biphenyls. Also pesticide wastes cem only be received and 
treated after prior consultation with, and approval by, the 
Ministry of the Environment. 
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Two broad classifications of inorganic liquids are 
beyond the present capabilities of this system, these are 
strong acids and cyanide containing wastes. But with these 
few exceptions the new system, in combination with Tricil's 
secure landfill, will provide a complete range of waste 
disposal services to industry. 

Environmental Approvals 

Section 33(A) of the Environmental Protection Act 
states: 

"Where the Director receives an application for a 
Certificate of Approval for the use, operation, 
establishment, alteration, enlargement or extension of 
a waste disposal site for the disposal of hauled liquid 

industrial waste or hazardous waste the Director 

shall, before issuing or refusing to issue the 
Certificate of Approval, hold a public hearing," 

In April of 1981, Tricil Limited submitted to the 
Ministry of the Environment an application for a Certificate 
of Approval for modifications to its liquid waste 
incinerator and transfer station in Moore Township, 
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The Ministry reviewed the application and advised that 
the alterations were of such magnitude that an Environmental 
Assessment Board Hearing would be necessary. 

Environmental Assessment Board Hearing procedures are 
prescribed in legislation in order to; 

i) advise the public of the proposals; 
iiy permit public comment and reaction; 
iii) allow the Assessment Board to weigh the views of 
all participants; 
iv) ensure that the Board's recommendation is in the 
best interests of environmental protection within 
the terms of the Act. 

Anyone who has participated in Public Hearings 
conducted by the Environmental Assessment Board, is aware 
that the procedure is similar to that used in the court 
system. Representations are made to the Hearing Panel by 
the participants, or their counsel, and each party has the 
right to cross-examination and redirect examination. 

Evidence is formally recorded by a court reporter, and 
on completion of the Hearing, the panel prepares its 
findings and recommendations, and submits them to the 
Director. This usually takes several weeks. 
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The hearing process is therefore, by design, an 
adversarial institution, although the Chairman has 
considerable discretionary powers which he or she will use 
to ensure adequate communication between the parties and the 
Board , 

The Tricil modifications are significant in that the 
completed plant will represent a major technological advance 
in the treatment of liquid industrial wastes in North 
America, resulting in increased versatility and efficiency 
and decreased residuals for disposal. As described earlier, 
the control mechanisms and methods of operation provide an 
even higher degree of environmental protection. 

It was felt to be important that Tricil 's neighbours in 
Moore Township, and interested people within the larger 
community, should be aware of the scope and extent of the 
modification proposals. To accomplish this, a series of 
public information sessions was held at the Sarnia plant 
where members of the public could talk with Tricil *s 
operations and engineering staff, and learn how the 
modifications would affect Tricil's operation. Those 
interested have always been welcome to visit the Tricil 
plant and learn about its operation, and this invitation was 
again extended. 
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The public information sessions were designed to 
discuss details of the proposal with members of the public, 
not in any way to pre-empt the Public Hearing, nor to 
"drum-up" support for Tricil's proposal. Since the formal 
application to the Ministry is essentially a technical 
document, the time spent at these informal sessions, 
explaining the technical details to interested members of 
the jbublic, was intended to make their participation in the 
Hearing itself more valuable. 

Three information sessions were held - two evening and 
one daytime - and were advertised in local newspapers. In 
addition, immediate neighbours were personally invited by 
letter, as were members of the local Municipal Council from 
Moore Township. 

By holding the information sessions several weeks prior 
to the Environmental Assessment Board Hearing, opponents of 
the proposals, if any, had sufficient time to prepare their 
case. It is important that the objectors to any proposal 
should be objecting to the proposal, not to what they think 
the proposal might be. 

The information sessions were simple and informal. 
With the aid of wall charts and hand-out information , Tricil 
staff described the proposed changes and outlined the 
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general methods of operation of the plant. Questions from 
the public were encouraged at all times and considerable 
time was devoted to general discussion. 

Although attendance at all the sessions was small, 
questions and comments were quite representative of public 
opinion and public concerns- 

A real interest , and an understand ing of the proposed 
modifications were evident. However, much of the discussion 
centred on general waste management issues and on other 
parts of Tricil's operation, e.g. landfill, air and water 
monitoring and materials control. In this area too, 
explanation and discussion of these technical issues with 
those in attendance were felt to be valuable. It is not 
sugqested that this type of discussion will allay all the 
concerns or fears of the public because there are no 100% 
answers to many of the questions and issues, no absolute 
certainty, only the application of the best available 
knowledge and technology. 

Local media were well represented at the information 
sessions and details of the Tricil proposal and the 
responses were thus made known to a wider public. 
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The public hearing which took place in October 1981 
attracted a much higher public attendance than did the 
information sessions, although almost all who had been at 
the information sessions also attended the hearing. 

Concerns expressed to the Hearing panel by the members 
of the public addressed the broader waste management issues, 
the operation and control of the overall Tricil operation 
and the expectations of the Ministry of the Environment. 
The Hearing opened with the presentation of the proposal 
through questioning of Tricil's witnesses by Tricil 
counsel. Members of the Hearing Panel also addressed 
questions to the witnesses at this stage, counsel for the 
opponents were permitted to cross-examine, and the Chairman 
then permitted further cross-examination or questioning by 
members of the public and other interested parties. 

The opponents then presented their witnesses in a 
similar fashion and cross-examination and questioning was 
again permitted. 

The Hearing Panel then received statements or 
presentations from other interested parties, for example, 
the Lambton Anti-Pollution Association who presented a 
petition and formal submissions, dealing mainly with wider 
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environmental issues than the modifications which were the 
subject of the Hearing. The view was expressed by several 
speakers that Tricil's proposed modifications were desirable 
and in fact to the overall benefit of industry, the 
environment and the local community. 

Counsel for both the proponent and the opponents 
presented their closing arguments to the Panel and the 
Hearing concluded with a visit to the Tricil plant by the 
Hearing Panel and those members of the public who wished to 
attend. 

The Environmental Assessment Board issued its report 
about 7 weeks after completion of the Hearing and 
recommended that approval be granted for the proposed 
alterations subject to 3 specific conditions. The 
conditions concerned materials to be processed; control of 
emission and monitoring of area ground water; and although 
the Board felt this latter issue to be peripheral to the 
subject matter of the Hearing, they believed sufficient 
concern had been expressed at the Hearing for the issue to 
be addressed in this way. 
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Review of Hearing Process 

In light of Tricil*s experience with the approvals 
process, in this and other applicatons, a brief review from 
the proponents's perspective may be useful. A discussion of 
the functions of the various participants, the proponents, 
the opponents, the Hearing Panel, the Ministry of the 
Environment and the public, will illustrate this 
perspective. 

The proponent has most control over the outcome of the 
Hearing. He must ensure that his presentation is 
sufficiently complete that it can answer questions and 
concerns from the Hearing Panel, from the opponents and from 
the general public. It is also important that the 
information be available early enough, and that it be 
complete enough, to minimize the possibility of an 
adjournment. 

The opponents have the right, even the responsibility, 
to request an adjournment if information is incomplete or 
not fully understood, and the Hearing Panel will grant this 
when the reasons are valid. The Chairman can order an 
adjournment whenever he feels that issues are incompletely 
or incorrectly presented. 
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Long and frequent adjournments to the Hearing Process 
are difficult and expensive for both proponents and 
opponents alike and many months may pass before the Hearing 
can be reconvened. 

The proponent must have available, at the time of the 
Hearing, those expert witnesses who will be required to 
explain, expand or defend the technical details of the 
proposal and the witness must be able to explain these 
aspects not only to the panel and the opponent's experts, 
but also to non-technical members of the public who have a 
right to know and understand technical details of the 
proposal. 

In summary, it is the proponents responsibility to 
provide a technically complete proposal at such a time and 
in such a way that It is understandable by the members of 
the general public. 

The opponents also have a major responsibility for the 
success of the Hearing process, not unlike that of the 
proponent. The "success of the Hearing process" depends 
upon a fair and balanced review of all evidence and points 
of view; it does not necessarily mean the approval of the 
proposal. 
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While the primary function of opponents is to oppose, 
they also must recognize that their opposition will be 
evaluated within the terms of reference of the legislation 
and within the jurisdication of the Hearing Panel. 

Just as the proponent has the responsibility to ensure 
timely provision of adequate detail, so have the opponents 
the "responsibility to address the information provided in 
preparation of their presentation. That is not to say that 
they must base their opposition only on the detail contained 
in the proposal, but that where information in the proposal 
addresses their concerns they must consider that 
information. 

In the case of the recent Tricil hearings, opponents to 
the proposal presented to the Board their concerns in a 
clear and lucid fashion. These concerns were not based 
exclusively on the content of the proposal, nor on the 
subject matter of the hearing, but on more general concerns 
about the effects of waste management operations and the 
future of waste management in the Province. 

In those areas where the concerns had been addressed in 
the Tricil proposal the information was taken into account. 
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Once again the opponents must have prepared their case 
in similar detail to the proposal, using the available 
information in the proposal and equipping themselves with 
adequate expert witnesses in those ares where technical 
details may be in dispute. Where the opposition to a 
proposal is based on a broader perspective than the 
information contained in the proposal, the opponents have 
the responsibility to prepare their case in adequate depth. 
In this case, there is no requirement for prior disclosure 
to the proponent, who must therefore have adequate answers 
to all possible criticisms! This may be a major reason for 
adjournment or delays in the Public Hearing process and the 
only way for the proponent to prevent this happening is by 
detailed preparation before the Hearing. 

The Hearing Panel, appointed by the Environmental 
Assessment Board , controls the Hearing , but as pointed out 
before, the Chairman has a degree of discretionary power to 
permit a relaxation of formality. In the case of the Tricil 
hearing this allowed very free and broad ranging discussion 
among all parties involved- It is not the function of the 
Hearing Panel to evaluate the technical detail of the 
proposal, this is the responsibility of the MOE Approvals 
Branch. However, in addressing a technical proposal, 
members of the panel are assisted by their environmental and 
engineering advisor. 
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The role of the Ministry of the Environment in the 
Hearing process is one which is often misconstrued. In 
fact, the regional or approvals section of the MOE have no 
function at the Hearing unless at the request of the Hearing 
Panel, the proponent or the opponents. Ministry staff can 
be called to testify or to advise the Hearing Panel as 
required, but it would be possible for a hearing to proceed 
without any direct MOE involvement. 

The major function of the Ministry within the Public 
Hearing process should be that of technical referee. They 
must decide whether a proposal is technically sound and 
sufficiently detailed to go forward for a Public Hearing and 
it is the MOE who have the ultimate responsibility for 
issuing or refusing to issue the Certificate of Approval, 
after the Environmental Assessment Board makes its 
recommendations . 

The Ministry should avoid aligning itself with either 
the proponent or the opponents, must judge the case on its 
technical merits and on the Hearing Panel's evaluation and 
recommendation, and must be seen to be neutral. 

In the Tricil hearing, a representative from the Sarnia 
district office of the MOE was called by Moore Township to 
give evidence concerning ground water monitoring and 
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quality in the area. Although this was ruled by the Panel 
to be peripheral to the subject matter of the Hearing, the 
evidence was admissable and, as mentioned earlier, was 
referenced in one of the conditions recommended by the 
Board. 

Since the subject under discussion is called a Public 
Hearing, it is appropriate that the role of the public be 
left to the end; they must live with the results of the 
actions of the previous four participants, and it is for 
them that the procedure was first devised - 

The existence of opponents to the proposal has been 
assumed, and while these opponents are viewed as being part 
of the public, it should be remembered that they are very 
often a small part of the public, and representative of very 
specific interests. 

The public at large are those to whom the government, 
through the Hearing Panel, is responsible. The "not in my 
back yard" syndrome has surfaced and been discussed at many 
previous conferences such as this. It is vital that 
everyone be very much aware that waste management 
facilities, along with other industrial enterprises, must go 
in someone's back yard in order that this generation's 
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desired lifestyle can proceed without widespread damage to 
the environment. 

The Public Hearing process is not one which is designed 
to protect one set of vested interests against anotherr 
rather to ensure that the best interests of the public are 
protected. In order for the system to work, each 
participant must really accept his responsibility and must 
approach the Hearing in a positive and productive way. 
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EFFECTIVE AND SAFE 

DISPOSAL OF INDUSTRIAL WASTE 

STABLEX (CANADA) LIMITED 



by 

Pierre Grenier 
Operations Manager 
Stablex (Canada) Limited 
Blainville, Que. 



INTRODUCTION 



I thank the organizers of this 29th Ontario Industrial 
Waste Conference for the opportunity to address the conference. 

We believe that our company Stablex (Canada) Limited 
can make a substantial contribution to the management of indus- 
trial wastes and help protect the envi ronment . 

Both government and private sectors recogni ze that 
effective long-term disposal of hazardous industrial waste is 
emerging as the critical environmental issue of the 1980's. This 
paper will review technology utilized in England and soon in 
Canada for safely treating and disposing of a broad range of 
toxic and hazardous wastes generated by industry. 

Although this technology is the backbone of our enter- 
prise, it can be applied only if we gain public acceptance. 
In addition success will depend on how much industry utilizes 
our service. For these reasons, I will discuss our successful 
public relations campaign in Quebec and touch upon some rele- 
vant marketing issues. 
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BACKGROUND 

Stablex (Canada) Limited and their shareholders, Rio 
Tinto Zinc Corporation Limited (92%) and Leigh Interests (8%), 
have identified this need in highly industrialized societies for 
well managed, scientifically operated, industrial waste treatment 
centers. The satisfaction of that need was seen as a long term 
business opportunity and therefore the firm has applied the ne- 
cessary human and financial resources to fulfill it. 

In the early 1970's researchers and engineers working 
at an environmental control laboratory in England developed 
what is now the patented Sealosafe process, to convert many 

of the industrial by-product wastes to a useful material that 
exhibits exceptionally good environmental compatibility and struc- 
tural integrity. 

In the Midlands (England), a shareholder company, 
Leigh Interest Limited has been operating waste management faci- 
lities for many years and began commercial operation with the 
Sealosafe technology to treat inorganic industrial wastes in 1974. 

The West Thurrock facil ity, near London U.K. , came 
on stream in January 1978. The capacity of this facility is 
AOOjOOO tons per year. Operating experience with this facility 
has since proven the Sealosafe technology. Over the years, the 
company has collected data on the treatment of industrial wastes 
from over 2,000 sources. This information would be available 
to the management on any new Stablex facility. Stablex (Cana- 
da) Limited will rely on this experience in developing manage- 
ment schemes for regional treatment facilities in Canada. 

In the U.S.A., Stablex Corporation has been active 
since 1976 promoting projects throughout the country. The State 
of Michigan has issued the necessary permits for the construc- 
tion of a plant in Groveland Township, some 40 miles north of 
Detroit. Construction has been delayed pending resolution of 
a local zoning dispute. 
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The Environmental Protection Agency in the United Sta- 
tes saw fit in November 1980 to grant an interim del is ting to 
the STABLEX final product resulting from the treatment of twenty- 
nine specific categories of hazardous Inorganic wastes to be 
treated in Michigan. 

Stablex Reutter Incorporated operates a laboratory faci- 
lity in Camden, New Jersey, that specializes in the analysis and 
treatment of wastewater and hazardous and toxic industrial 
wastes. Another function of Stablex Reutter Is to provide techni- 
cal service to the operating Stablex divisions and fulfill some 
of their research and development needs. 

During 1980, the Quebec Government chose Stablex (Ca- 
nada) Limited to undertake Phase I of an integrated Industrial 
waste treatment center In that province. Jointly with the Minis- 
try of Environment, Stablex (Canada) Limited proceeded with site 
identification, environmental and social Impact studies, public 
hearings and permit application procedures. In May 1981, the 
Executive Committee of the Quebec Government passed an Order 
in Council requiring that a certificate be Issued enabling Sta- 
blex (Canada) Limited to proceed with the construction of a 20 
million dollars facility. The permits were issued In early 1982 
and construction started on March 2nd, 1982. Operation will 
begin during the first quarter of 1983. 



THE PROCESS 

Most compounds and elements, essent lally heavy me- 
tals, usually identified as hazardous inorganic waste were Ini- 
tially water insoluble, environmentally inert natural ores. It is 
in the process of extract! ng and transforming those ores that 
man has made them water soluble, and thereby accessible and 
reactive with living organism . Stab lex through further chemi- 
cal and physical changes is returning those compounds and ele- 
ments into a synthetic, water insoluble solid material that beha- 
ves I ike natura I ore. 



- 229 - 



In order to accomplish these transformations, the sta- 
blex process uses raw materials such as fly ash and cement. 
They give the product a durability and structural integrity simi- 
lar to natural stone. 

Pre-treatment 



The combination of chemical and physical reactions 
taking place in a Stablex Plant are complex and numerous. De- 
pending upon the type of waste, an appropriate chemical pre- 
treatment may be necessary. For example, cyanides are oxidi- 
zed into cyanates with selected reagents and hexavalent chro- 
mium is reduced to trivalent . The objective of this pre- treat- 
ment is to convert the elements or compounds into a more stable, 
less reactive form prior to submitting them to the treatment and 
then the fixation/solidification, steps together with other suita- 
ble wastes. 

Treatment 



This treatment is essentially a neutralization step fol- 
lowed by a total solid adjustment. Ideal ly the neutralizing 
agents are selected to yield insoluble salts and the total solids 
content Is adjusted to take maximum advantages of the solidifi- 
cation characteristics of the hydra ting agents used for solidifi- 
cation of the waste slurry. 

Fixation/Solidif ication 

For this final step of the process, Stablex uses mainly 
Portland cement in combination with other puzzolonic materials 
such as fly ash or other type of alumina silicate dust. These 
treatment and fixation/solidification additives will fulfill many 
functions. 

a) neutralization 

One of the componant of cement, the clinker, is a salt of 
strong base CaO and weak acids (silica, alumina, iron oxide). 
In presence of strong acids, it will act as a strong base, 
I i berate the weak acids, highly insoluble and usually capable 
of chemical and physical absorption. 
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The natural alkalinity of cement also provides a buffering 
effect capable of prelecting the elements that have been soli- 
dified from acid rain attack. In fact the acid conditions will 
result in a strengthening of the fixation structure of the mate- 
rial. 

b) precipitation 

The lime, the cement and puzzotonic additives will essentially 
supply calcium cation. Calcium salts can vary from being 
lightly to minutely soluble. Their presence will increase precipi 
talion of many of the anions present in the industrial was- 
tes such as, to name a few, phosphates, sulphates, arsenates, 
borates, fluorides, zircates, chromates, leadates, tungstates. . . 



c) absorption 

One gramme of anhydrous cement having typically a specific 

2 
surface area of 1 m /gr will generate an hydrated paste ha- 
ving a specific area 100 times bigger. In this hydratation 
process the cement and to some extent also the other reagent 
specifically selected by Stablex will develop physical and che- 
mical absorption phenomena particularly interesting in the 
treatment of wastes. 



d) complexation 

The hydrated cement is characterized by a high Ph {12 to 
13). Under these conditions the aluminate ion forms numerous 
complex of which the trisu I foal uminate is the most reputed 
one. Many anions, other than sulfates will also form alumina- 
te complex. For example CI, Br, I, NO , NO2, M C 
will form aluminate complex where calcium salts are pratically 
insoluble. This complexing function adds to the precipitation 
effect mentioned earlier and reduces solubi I isation of many 
toxic ions. 
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For the past seven years, wastes from more than 2,000 
different industrial sources have been successful ly treated. So- 
me of these are shown in Table I. The process is particularly 
successful in the disposal of arsenical, mercury, cyanide, and 
other noxious wastes. 

THE PRODUCT 

The toxicity of an element is function of the damage 
it can cause to living organ ism when absorb in quantities excee- 
ding a critical level. Within those limits some of them are use- 
ful and even essential to good functioning of I ife. 

A compound or element is qualify hazardous only when 
it exists in a form that makes it readily available in harmful 
quantities. When properly treated and disposed of it no longer 
represents a hazard. 
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TABLE 1 



TYPICAL WASTES SUITABLE FOR FIXATION/SOLIDIFICATION 



Mine Tailings 
Dyestuff Liquors 
Spent Catalysts 
Sulphide Wastes 
Pickling Acids 
Incinerator Ashes 
Tin Solutions 
Mercury Salts 
Filter Cakes 
Copper Sludges 

Cobalt Salts 

Thicoya nates 

Effluent Treatment 

Sludges 



Tannin Residues 

Acid Tars 

Zinc Sludges 

Spent Acids 

Chrome Solutions 

Fluorides 
Cadmium Liquors 
Sewage Sludges 
Latex 

Alkaline Solutions 
Cyanide Solutions 
Ion Exchange Resins 
Electroplating Residues 



Vanadium Powders 
Asbestos Wastes 
Solid Cyanides 
Paint Wastes 
Barium Sludges 
Scrubbing Liquors 
Arsenic Solids 
Nickel Salts 

Antimony Residues 

Aluminum Sludges 

Phosphates 

Lead Solutions 

Foundry Sand 
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The most important criteria in determining effective 
disposal in the assurance that toxicants trapped in the fixation/ 
solidification product do not re-enter the environment in volume 
that will cause harm. Before issuing permits required to build 
and operate plants, government agencies and independent testing 
laboratories have subjected the final product to exhaustive tests 
to satisfy the need for environmental safety. 

Impermeability reduces the chance for leaching of any 
toxicant from the matrix. Uti lizing a test method developed by 
E. Jadgwick ("Absorbtion and transmition of water by porous 
bodies") the British Ceramic Research Association confirmed the 
fact that the fi xat ion/sol i dif ication polymer product demonstrated 
typical permeability of 1 X 10 cm/sec. 

In order to interpret these findings it is useful to 
compare the results with other permeability data. Table 1 shows 
these comparisons and it can be seen that the polymers are as 
impermeable as impervious clay. 



Table II Typical Values of Coefficient of Permeability 

(cm/sec ) 



Clean Gravel 

Clean Soarse Sand 

Sand Mixtures 

Fine Sand 

Silty Sand 

Silt 

Clay 

Typical Concrete 

Polymer Product 



1 .0 and greater 

1 .0 to 0.01 

0.01 to 0.005 

0.005 to 0,001 

0.002 to 0.0001 

0.0005 to 0.00001 

0.000001 and smaller 

0.000001 

0.0000001 to 0.0000002 
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Despite the impervious nature of the final product it 
Is conceivable that over a long time the polymer will be brought 
Into Intimate contact with natural waters including acid rain 
and acidified ground water. The effect of repeated freeze-lhaw 
cycles over time undoubtedly causes some physical product break- 
down. It Is therefore desirable to ensure that the pollutants 
would not leach from the product even under circumstances where 
the product Is fractured Into smal I pieces. To simulate this ty - 
pe of occurence the equilibrium leaching test method was a fine 
powder and totally immersed in ten times their weight of distil- 
led water which has been acidified by the addition of carbon 
dioxide. The mixture Is held at a temperature of 20 c. and 
the particles are totally wetted for one hour in a vessel that 
is magnet ica My stirred. The water is then separated by emmi- 
sion spectroscopy, volumetric or color I metric methods. For pollu- 
tion by organic constituents standard tests such as Chemical Oxy- 
gen Demand can also be carried out on the filtrate. 

The percentage of toxicant leached is calculated as 
a percentage of the toxicant in the final product. The results 
of equilibrium leaching tests for a variety of Industrial wastes 
are shown In Table Ml. 

TABLE III. EQUILIBRIUM LEACHING TESTS 



Pollutant 



Concentrat ion 

of Pollutant 

In Waste 

(ppm) 



Concentration 
of Pollutant 

In Leachate 

(ppm) 



% 
Leached 



Chromium 

(Hexavalent 

Cooper 

Nickel 

Zinc 

Lead 

Cadmium 

Manganese 

Sulfide 

Tin 

Arsenic 



25,000 
25,000 
25,000 
55,150 
101,150 
78,090 
A5,590 
U,660 
9,740 
12,500 



0.2 

0.26 

0.50 

0.15 

0.5 

0.1 

0.08 

0.1 

0.1 

0.16 



0.03 

0.03 

0.055 

0.009 

0.016 

0.0A2 

0.057 

0.05 

0.03 

0.03 
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As a result of test work completed in laboratories in the 
U.K. and the U.S. it was declared that no environmental hazard 
would be expected from operating the process and disposing of the 
final product into a land reclamation area. 

f n addition to safety the stab I ex product offers a structu- 
ral integrity that makes it suitable for useful and commercial ap- 
plication such as road base, land reclamation and many others. 
Studies are currently being conducted to complement the data alrea- 
dy accumulated on the product. The objectives of these studies are 
to obtain complete delisting of the stablex product mainly by the 
E.P.A. in the U.S.A. In November 1980, Stablex Corporation in the 
U.S.A. has been granted temporary delisting for stablex product 
made from 29 industrial wastes. 



THE WASTE MANAGEMENT CONCEPT 

Alike most other chemical manufacturing facilities, a sta- 
blex operation is highly concerned about proper Identification of 
incoming material, process control, safety and quality assurance. 
To deal with those concerns, Stablex has imposed themselves a mana- 
gement concept that guides their action. 

A faci I ity to treat industrial wastes must be located in 
an area central to their source to minimize transport costs. It is 
also important to site the facility adjacent to an acceptable land 
reclamation area in which the non-toxic final product may be pla- 
ced. The center must also be located so that transport of wastes . 
to the facility does not have an impact, vehicles entering the facili- 
ty must be careful ly control led to ensure that needless delays and 
tie-ups are eliminated. To assure compliance with current environ- 
mental regulations there are several steps that must be followed 
for the successful operation of a Regional Waste Management and 
Land Reclamation Center. These steps are: 
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Screening the Waste : Before agreeing to accept a waste material 
for conversion to inert, synthetic rock at the facility, samples 
of the candidate wastes are subjected to chemical and physical 
analysis in a regional laboratory and a waste profi le is prepa- 
red. Trial formulations are then carried out to determine if 
the waste can be converted in an acceptable fashion to an envi- 
ronmentally compatible final product. The resultant product is 
then subjected to one or more nationa I ly recognized standard 
I each ate tests. Only upon successful completion of the above 
procedures is an agreement to accept the waste completed, del i - 
very scheduled, and a price set. The shipment manifest docu- 
ments are fi lied and wastes are transported. 

Waste Reception : Wastes are received at the facility in tank 
trucks, dump trucks, and drum carriers. Wastes are only accep- 
ted from duly authorized carriers. On entering the faci I i ty, 
the transport vehicle passes over a weigh scale for determina- 
tion of delivered waste quantity . A sample of waste Is taken 
for immediate lab analysis to confirm the waste delivered corres- 
ponds to the initial waste profi le prepared. The in-plant analy- 
sis is compared to previous data and manifest documents, and 
if within an acceptable range, is accepted for treatment. A 
checklist is then prepared by the piant chemist which ensures 
that the material has been adequately tested to ensure compati- 
bility with the process. 

For bulk liquid deliveries, the truck is directed to an unloading 
point by the plant operator. The plant operator, having ob- 
tained a key, unlocks the proper valve necessary to off-load 
a tanker insuring the truck is coupled to the proper tank. Af- 
ter discharge, the operator will ensure that the hose connecting 
the truck to the discharge point is emptied prior to disconnect. 
At that point the operator closes and locks the receiving valve 
to insure that no further material may be off-loaded without ap- 
proval . 
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In the case of bulk so lid del ivery , vehicles are di reeled to spe- 
cific off-loading bays where material is stored in covered areas . 

A similar procedure is followed for drummed wastes. However, 
after the drums are moved to their storage area, the plant ope- 
rator indelibly labels each drum with the following information: 

. .Date received 

. .Control form number 

..Type of material 

The entire waste reception area is paved, curbed, and graded 
to contain any spilled waste. Run-off is directed to a drainage 
system which discharges to a central sump. Sumped material 
is introduced to the process to make certain no contaminants are 
discharged to the environment. 

Waste Storage : Liquid wastes are stored in tanks fabricated with 
appropriate materials. Bulk solid wastes are stored In separate 
bins which are covered for protection from the elements. Waste 
received in drums are palletized and stored in a segregated sec- 
tion of the waste reception area. 

Pretreatment : Appropriate quantities of compatible liquid waste 
material are blended in a battery of pre-treatment vessels. Cer- 
tain materials either from bulk solid waste storage or drum sto- 
rage are passed through a solids preparation operation to redu^ 
ce the particle size of the material to the desired specification. 
Following the size reduction operation, compatible solid waste 
materials are blended in a large pretreatment tank where appro- 
priate quantities of additives are blended to prepare the mixture 
for the final product preparation phase. At this point, samples 
are taken from the pre-treatment facility and tests are run to 
determine if that batch has the required characteristics necessa- 
ry to produce satisfactory final product. 
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Product Preparation : After the plant chemist performs tests to 
insure the quality of the final material prepared from the pre- 
treatment batch is acceptable, the product preparation run be- 
gins. This consists of mixing a weighed quantity of pretreated 
materials with pre-weighed quantities of additives to produce 
the final product . 

Product Placement : Following completion of the product prepara- 
tion phase, the product is conveyed, usually by pipeline or 
truck, to discharge in an adjacent land reclamation placement 
area. If pipeline placement is not possible, then truck trans- 
port is utilized. On setting, the final product, which is a hard 

rock-like material with a co-efficient of permeability on the or- 

-7 
der of 10 centimeters per second and with sufficient compres- 
sive strength to be suitable for land reclamation use. 

Water falling on the placed material tends to run off the surface 
and is di rec ted to a sedimentation basin where is sampled prior 
to discharge to insure its environmental compat ibi I i ty . 

The land reclamation material also exhibits other important envi- 
ronmental properties including non-biodegradabi I ity, non-flamabi- 
lity, it is unattractive to pests and vermin, and has no odor. 



PUBLIC RELATION EXPERTISE 

Good and sound technology, ri gorous control and manage- 
ment procedures are not enough. There will be no plant therefore 
no treatment of industrial wastes, unless citizens are convinced that 
this plant, located in their community, is advantageous to them. 

Siting an industrial waste treatment facility has to deal 
with the "not in my backyard syndrome", and the images of another 
love canal nightmare and the Mississauga rai I road incident. 
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By trial and error, Stablex (Canada) Limited found a so- 
lution to change the negative perception of a waste treatment plant. 
We have gained expertise and developed a successful strategy to 
address the problem of public fear and blind resistance to the ins- 
tallation of our plants. 

A combination of proven technology, government support 
and an effective communication campaign leed to the successful im- 
plantation of Stablex in Blainvil le, 35 mi les north of Montreal, Que- 
bec. The M.O.E. of Quebec granted us our permit with the blessing 
of the citizens, media and of course industry. 

The ingredients of our successful communication strategy 
are: information, consultation, education, participation, time and 
patience. The figure entitled "Methodology for Change" shows the 
imput required in order to secure the permits and obtain an appro- 
ved site, that is supported by the citizens of the region. 

Information : This step is the most time consuming. The objecti- 
ves at that stage are to build your credibility and insure that 
the message is clear and accurate. 

Only after a satisfactory amount of knowledge is absorbed by 
the majority of citizens will you be ready to proceed. 

Consultation : This step consist of interacting with the citizens of 
the commun ity through public meet ings and community gatherings 
for the purpose of obtaining feedback. The information program 
is assessed at this stage and modifications are made as required, 

Education : This step recognizes the needs of those with influence 
in the commun i ty, who might be city counci I lors, reporters or 
zealous citizens. By satisfying their special needs for facts 
and knowledge these influential citizens can become your best 
promo tors. 
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This process of educating ihe community "inf I uencers" takes pla- 
ce concurrently with the consultation phase discussed previously. 



Participation: Participation of well informed citizens and commu- 
nity "inf luencers" in public hearings, committees and seminars, 
can result in very helpful suggestions and recommendations . 
By listening to them and accepting to implement eleven sugges- 
tions our company obtained all the public support needed to suc- 
cessful ly site a plant in Blainville, near Montreal . 

The skills learned in gaining approval and acceptance from the 
citizens of Blainville will help us to successful ly locate and 
install additional Stablex plants in Canada and in the U.S.A. 



MARKETING PHASE 

Although our plant will not be in operation until March 
1983, we have already started to define our marketing strategy. 
The first step, which was to determine the demand for our services, 
was done a couple of years ago. This study is being updated and 
refined, 

A harsh economic climate has ravaged many of our indus- 
tries, so it will be difficult for them to absorb a sharp increase 
in waste disposal costs. Industry must learn to cope with this side 
effect and ultimately, the cost must be passed on to the consumer. 

Stablex will flourish if industry is healthly and legisla- 
tors enforce their regulation on the quality of the environment. 
Our belief is that neither government nor industry will take extreme 
positions so that mutually acceptable standards and targets will 
be set. We will promote cooperation. 
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Stabiex offers four important benefits to industry: 

1) Business enterprises will not be required to make major capi- 
tal expenditures on waste treatment facilities, instead industry 
can choose to use our treatment facilities. 

2) Stabiex assumes the liability once wastes have been transfe- 
red to us and accepted by us for processing. 

3) Companies will have a convenient and easy method to meet 
the standard set by the Ministry of the Environment for inorga- 
nic waste materials. 

A) Easy and quick access to technical service, as well as emer- 
gency help to clean up accidential spills and process errors wil 
be at their disposal. 



Stabiex plans to offer a comprehensive package of servi- 
ces which would include: detailed laboratory analysis of waste, con- 
sulting for on-site treatment facilities, in house training of person- 
nel on handling and consolidation of waste products. In addition 
we cou Id advise on transportation procedures and suitable earners 
for specific wastes. 

Technical service representatives, lab personnel and even 
our inside order desk persons will be hired well in advance of our 
plant start-up. Some training will be carried out at our existing 
facilities in England and the United States. 



Research and Development 

A research and development program will be established 
on our site as soon as we start operations. 
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Our priority will be to develop formulations, which can 
use as raw material, waste products currently going to land f i II 
sites. An example of this is the bag-house dust collected at our 
local steel plants. 

The research team will gather data to declassify stablex 
material, so that alternative uses can be found for this product. 

We have already been approached to resolve some pres- 
sing problems that only can be solved with the help of our research 
team. Undoubtly you will hear more from this group in the years 
ahead as scientists, unlike us administrators, like to boost about 
their successes. 



Closing Remarks 

Our experience at Stablex (Canada) Limited showed that 
good, sound and proven technology were not enough to obtain sup- 
port from the citizens and permit the instal lation of a Stablex faci- 
lity. 

We embarked on a public education program that dealt 
principally with safety and aesthetic concerns. Citizens were encou- 
raged to perform their own studies through a committee, and present 
their findings to the population. 

Our dialogue with the ci t izens conti nues even though our 
plant is now being built, because we committed ourselves to keep 
them informed and interested in our project . 

Our Stablex plant will treat a large variety of wastes, 
but like any technology, it is not a panacea and we do have limi- 
tations. We must be assured that our Stablex material can be safe- 
ly recycled into the environment, so rigorous control procedures will 
be followed. 
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Our research and development programs will help develop 
methods to deal with some of the unique and pressing envi ronmenta I 
problems that face us. The research team will investigate alterna- 
tive uses for the Stablex material once it has been declassified by 
the Provincial Government , 

Stablex Canada's greatest success has been to change peo- 
ple's attitude from strong resistance to the installation of our treat- 
ment and disposal facility in their community - to one of being wel- 
come. We are proud of this achievement. 

And now, Stablex (Canada) is well prepared to apply this 
val uab le knowledge and experience to the benef i t of the prov i nces 
that plan to establish regional waste treatment facilities. 
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INDUSTRIAL WASTE AS A RESOURCE 



LANDFILL SITES 
OPERATION AND REHABILITATION 
USING 
STEEL INDUSTRY WASTES 

by 

R. Palombella 
Department of Engineering 
Regional Municipality of Hamilton-Wentworth 
Hamilton, Ontario 



1. INTRODUCTION 

i) Obsolete Disposal Practices 

The establishment and operation of waste disposal sites 
was traditionally assigned a relatively low priority in the 
overall scheme of municipal management. 

Disposal sites, often justifiably designated "dumps", were 
usually situated on the outskirts of a town or city, close 
enough for convenient haulage, but distant enough to avoid 
creating a public nuisance. Dumps developed almost at random, 
with garbage being deposited in areas that were considered 
useless or non-productive. Such areas included swamps, gravel 
pits and quarries , and, less frequently, stream banks , where 
refuse would be "washed" away. In this manner, two objectives 
were met; waste disposal was performed inexpensively, while 
non-productive areas could be filled and graded to accommodate 
industrial or recreational activities. 
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Often, there was little or no regulation of open dumping, 
resulting in obvious problems such as increased rodent and 
insect populations, scattered litter, decay, odours, and fire 
and smoke. In some cases, open burning was performed to extend 
the useful life of a site of limited size. Fires were caused 
by smouldering waste delivered to the site, or by vandals who 
deliberately set fire to exposed garbage. The result of this 
practice was usually predictable; the burning of damp garbage, 
often containing tires, created clouds of black smoke that 
could be seen for miles, with attendant fallout of black 
particulate matter in the immediate vicinity. Also, there 
was the constant danger that the fire might spread out of control 

Past practices were generally not a result of negligence 
or irresponsible management; the accepted methods at that time 
were considered state-of-the art. These practices continued 
due to lack of awareness of potential environmental impacts, 
on the part of regulatory and operating agencies, as well as 
the general public. 

ii) A New Awareness 

The urban growth, increased industrialization, and affluence 

of the 1950's and 1960's began to take effect. Per capita 

refuse generation rates escalated, compounded by increasing 

populations. Intensive industrial expansion added further to 

the quantity and variety of wastes. Many small dumps grew into 

large mountains of garbage. All these factors were further 

augmented by urban expansion, as new building developments 

approached, and in some cases, surrounded, dumpsites that had 

existed for up to 30 years. 
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Gradually, the law of mass balance was manifested. 
Wastes entering disposal sites generated products which mixed 
with infiltrated surface water. The principal outflows 
were leachate, the combined result of decomposing waste and 
surface infiltration, and methane gas, formed by the anaerobic 
decomposition of putrescible materials. The leachate con- 
sisted of numerous elements, including the products of 
decomposition, complex chemical reactions, and soluble or 
liquid wastes draining out of the garbage mass. 

It is now apparent that many sites traditionally 
selected for waste disposal were , by present engineering 
standards , at least partly inappropriate . The high water 
table in wetlands saturates deposited waste and distributes 
leachate to surface and groundwaters. The porous beds and 
fissures characteristic of pits and quarries provide ready 
paths for leachate flow into the groundwater regime, increasing 
the potential for contamination of underground water supplies. 
Methane gas from refuse buried below grade in quarries also 
travels along horizontal rock strata, and there are documented 
incidents where explosions have occurred in buildings located 
near garbage disposal sites. The following figures 1, 2 and 3, 
LANDFILL HYDROGEOLOGY, illustrate these effects, 
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i i i ) Contemporary Standards 

One of the most significant turning points in waste 
management occurred in the late 1960's. Prior to this time, 
garbage disposal practices were regulated mainly under the 
jurisdiction of the Ministry of Health, with supplementary 
legislation provided by local municipal by-laws. However, 
these controls did not specify site development and operating 
standards, but were in place to deal with reported complaints 
of nuisance or health hazards. 

The responsibility for waste management was transferred 
among a number of Provincial ministries from 1968 to 1972 
when it was finally assigned to the Ministry of the Environ- 
ment. This latter measure introduced the development of 
guidelines and regulations for modern waste management 
practices. 

Present Ministry regulations include the following 
activities: 

- operation, development and closure of existing disposal 
sites 

- site selection, development, and operation of new waste 
handling facilities (i.e. disposal sites, transfer stations, 
incinerators) 

All disposal sites are subject to regular inspections by the 
Ministry, and those receiving materials other than clean fill 
require certificates of approval. As a more recent develop- 
ment, Environmental Assessment Hearing procedures have been 
established. These public hearings are required to 
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evaluate the potential environmental impact of new major 
projects which may affect the environment, and usually apply 
to waste processing facilities. 

iv) Current Regional System 

When the Regional Municipality of Hamilton-Wentworth 
was established in 1974, it was assigned responsibility for 
the operation of 10 waste disposal sites. These sites, which 
had been under the jurisdiction of the Area Municipalities for 
periods varying from 10 to 30 years, are indicated on Figure 
4. As the sites became filled to capacity, they were 
systematically closed to public use. The last of the former 
disposal sites closed in October, 1980, when the Region 
commenced the operation of its new waste management system. 
The new system consists of the SWARU, an energy from waste 
incinerator; three modern transfer stations; and a 55(7 acre 
landfill site. This site, which is engineered in accordance 
with the latest standards, is founded on deep impermeable 
clay, and is self-sufficient in daily and final cover material. 

v) Private Disposal Facilities 

The closure of former landfill sites led to a new 
industry in the Region, the establishment of private disposal 
facilities. The Region's present system does not accommodate 
materials such as demolition rubble, excavated materials, and 
bulk industrial solid wastes. Under licence by the Ministry 
of the Environment, a number of firms have established disposal 
sites in old quarries, which are approved for landfilling of 
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inert rubble and "semi-inert" industrial wastes. This activity 
diverts a waste stream which would place an unnecessary burden 
on the costlier Regional disposal system, provides savings 
to industry in the form of reduced disposal fees, creates 
additional jobs, and permits rehabilitation of inactive pits 
and quarries. 

The two major private disposal sites in Hamilton-Wentworth 
are operated by Taro Properties, and Steetley Industries. As 
a parallel to the Region's disposal system, the local firm of 
Philip Enterprises has established a transfer station in the 
Hamilton Industrial core. Various industrial solid wastes are 
now processed for re-use by other industries, while materials 
with no further commercial value are transported to the out- 
lying quarries for disposal . 
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THE TASK 

i) Preliminary Closure Grading 

As the ten former disposal sites were closed to public 
use, final cover and grading operations commenced. 

The first location which was designated for closure is 
situated in the west end of the Area Municipality of Hamilton. 
When the Region assumed ownership of this 35 acre site in 1974, 
the limited remaining disposal space rendered it unsuitable 
for the disposal of municipal wastes. However, use of the 
site was continued for the exclusive disposal of inert and 
"semi-inert" wastes such as construction rubble, tree stumps 
and surplus excavated soils and roadway bedding. This facility 
effectively served local needs in this manner for a period of 
three years. Its central location permitted ready access and 
economical haulage for various construction projects in downtown 
Hamilton. As an immediate benefit to the Region, graded 
construction debris provided stable cover over exposed refuse. 
Large depressions and ditches accommodated substantial quantities 
of bulky materials, such as broken concrete, simultaneously; 
surface ponding, a major cause of leachate generation, was 
minimized. 

However, a relatively impermeable surface cover was 
required to properly control infiltration. 
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ii) Final Cover Requirements 

In early 1977 the West Hamilton site ceased receiving 
rough construction wastes, such as concrete, as the Department 
of Engineering began final arrangements for suitable closure 
measures. At that time, this was the first large landfill 
site in the Region which was to receive final closure grading. 
Therefore, planning of activities was co-ordinated with the 
Ministry of the Environment to establish the required criteria 
to achieve acceptable results. 

For final cover operations, the Ministry recommended that 
a fine-grained material be placed over the top and slopes of 
the site to a depth of no less than two feet overlain by a 
layer of clay at least six inches thick. Another lift 
consisting of six inches of soil of suitable quality to support 
the growth of vegetation was recommended. All cover materials 
were to be suitably graded {4% slope) to promote surface 
runoff and minimize leachate generation. An appropriate 
vegetative cover, such as grass or dense shrubs would be 
required as a final measure to control erosion and enhance 
the finished site appearance. 

The Ministry did not specify clay for total cover, but 
permitted the use of other low-permeability soils or materials, 
as approved on a site-specific basis. 
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iii) Availability of Cover Materials 

With the initial closure criteria defined, investigations 
were carried out to determine the availability of suitable 
cover materials, in order to develop a project schedule. These 
investigations revealed that adequate conventional cover material 
could be obtained in two ways. The first scheme relied upon 
the intermittent supply of surplus excavated materials from 
local construction projects. However, these supplies were 
normally inconsistent and unassured, often containing variable 
quantities of large undesirable components such as broken 
rocks and concrete. Reliance upon these sources would render 
the scheduling of work activities and site equipment difficult 
and uneconomical. 

The alternate conventional plan would have required tenders 
for the supply and grading of cover materials . The supply of 
approximately 250 000 cubic yards of interim cover, and a 
topping of 250 000 cubic yards of clay for the West Hamilton 
Site would have cost about $2.00 per cubic yard, for a total 
of $1000000. This figure is based upon 1977 costs, while the 
equivalent present value would be in the order of SI 500 000 

Because of the massive cost of the latter plan, it was 
initially decided to pursue the first option. However, it 
became apparent late in 1977 that, due to diminishing construction 
activities, excavated fill could not be obtained in sufficient 
volumes to carry out a sustained programme of closure. 
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3. THE OPPORTUNITY 

In 1976, the Region had commenced a trial programme, with 
the assistance of DOFASCO Inc. to evaluate the suitability of 
S.I.W. (Steel Industry Wastes) for landfill site daily cover, 
slope topping, and intermediate cell cover. Until that time, 
the majority of cover materials for daily operations consisted 
of local contractors' surplus excavated fills, whenever 
available. Because disposal site space restrictions prevented 
stockpiling for year-round use, low-grade quarry strippings 
were purchased for cover when free fill was unavailable. 
As the available quantity, and continuity of supply of S.I.W. 
became a ready commodity, the advantages of this material became 
apparent. 

Therefore, DOFASCO S.I.W., which previously had been used 
primarily as daily cover at operational disposal sites, 
was selected for trials at the West Hamilton Site, 

4, THE EVALUATION 

During the initial field trials of S.I.W. as site cover, 
investigations were carried out by the Department of Engineering 
and the Ministry of the Environment. Preliminary work included 
examination of the processes generating the various 
materials incorporated in S.I.W., accompanied by chemical 
analyses to verify their environmental acceptability. 

A summary of the components in S.I.W. is provided in 
Table 1, 
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TABLE 1 

S.I.W. COMPONENTS SUMMARY 



GENERAL % OF TOTAL 
DESCRIPTION MIX 

Solidified Oxygen 60 

Steel-making Oxides 

Excavation, Dredgings 15 

& Refractory Rubble 



3 Slag Fines 15 



Foundry Sand 



Miscellaneous : Sweepings , 
Baghouse Dust 



TOTAL 1 % 

During the early work with S.I.W. , the term "Foundry Sand" 
was used to describe the general range of industrial materials 
under study. In fact, the actual proportion of foundry sand 
was about 7% of the total mix. For purposes of accuracy, 
the more representative term "Steel Industry Waste" (S.I.VJ.) 
replaced the previous designation. 

Individual samples of these wastes were obtained at 
DOFASCO by Regional staff, as were mixed samples arriving 
at the landfill sites during subsequent placement. Leaching 
tests for blended S.I.W. were performed by the Regional and 
DOFASCO laboratories. Analytical results, reviewed by the 
Ministry of the Environment, provided the following 
observations : 
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a) Leached washwater meets the Ministry's Drinking Water 
Criteria, with the exception of lead and phenol. 
The concentrations of the latter two materials are not 
considered detrimental in a disposal site setting, and 
all leached elements are well within Ministry of the 
Environment irrigation water standards. 

Lead-leachate content of the individual components, as 
well as the current S.I.W. mix is within Ministry of 
the Environment drinking water guidelines. 

b) The S.I.W. mix is highly alkaline (pH=12) , due primarily 
to calcium hydroxide. This feature is desirable because 
high initial pH is effective in immobilizing metal 
leaching . Weathering due to atmospheric carbon dioxide 
will gradually neutralize the alkalinity, while 
restricting the movement of heavy metals by converting 
them to carbonates. 

c) Low permeability (approximately 10 cm/sec.) minimizes 
infiltration, thereby restricting leaching of phenols, 
which will undergo gradual biological degradation. 

d) High pH levels initially inhibit vegetation growth, 

but after 1 to Ih years of weathering, and neutralization, 
annual weeds take root and thrive in this material. After 
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two growing seasons, the thatch formed by dead weeds 
has added sufficient organic material to the ground 
surface to support alternate vegetation. 

Work performed by Dr. J. Emery of the Trow Group Consultants 
revealed that various DOFASCO wastes could be blended to 
create a material which was more suitable for disposal site 
operations and cover. The optimum conditions to achieve a 
coefficient of permeability in the order of 10 cm/sec. 
were defined as: 

-23.7% (total weight) moisture 

-Standard Proctor Maximum Dry Density of 86.7 pcf 

-use of standard compaction methods for cohesive soils 
(i.e. vibratory sheepsfoot roller) to achieve 95% 
Standard Proctor Maximum Density 

The permeability noted above is in the poorly permeable 
to practically impervious range , comparing favourably with low- 
permeability clays . 

The Ministry of the Environment Regional Office sub- 
sequently approved S.I.W. for landfill use, provided that it 
was not deposited in the immediate vicinity of water supply 
we 1 1 s . 

5. THE IMPLEMENTATION 
i) Application 

The preliminary rough grading of this site proceeded from 
late 1977 into early 1979, utilizing approximately 300 000 
cubic yards of S.I.W. Early S.I.W. blends consisted 
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mainly of solidified oxides from available DOFASCO stock- 
piles. 

Approved S.I.W. was sometimes obtained from other local 
industries, but materials from DOFASCO represented the major 
fraction, constituting more than 95% of the total . 

Satisfactory placement of final cover was achieved by 

grading accompanied by continuous passes with large bull- 
dozers (D9 or equivalent) to create a relatively continuous 
and integral layer of nearly impervious cover. Although 
the compaction achieved was less than optimxam, two compensating 
factors were present. First, laboratory tests indicated that 
the permeability of S.I.W. decreased as curing time increased. 

Second, the in-place height of the S.I.W. cover li^ft 
was four to six feet, or two to three times thicker than the 
Ministry guideline of two feet for relatively impervious 
material. Figure 5 illustrates typical in-place final cover. 
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TABLE 2 



SUMMARY OF S.I.W. APPLICATIONS 



Site 



Estimated 
Quantity 
(cubic yards 



Estimated 
Unit Value 
$/cubic yard 



Estimated 
Saving 



Upper Ottawa 

Street 700 000 

West Hamilton 275 000 



Ancaster 



Stoney Creek 



80 000 



60 000 



Various Other 50 000 



S2.00 
(1977-1982) 

$2.00 
(1977-1980) 

$2.50 
(1977-1982) 

$2.50 
(1980-1982) 

$2.50 
(1979-1981) 



$ 500 000 
$1 400 000 
$ 200 000 
$ 150 000 
$ 125 000 



TOTAL 



1 165 000 



$ 2 425 000 



The estimated quantities and unit costs noted above are 
conservative values, based upon equivalent haulage costs 

for surplus fill. This calculation assumes an adequate supply 
of surplus material. The equivalent purchase value of excavated 
cover material delivered to sites, is approximately double 
the above amounts ($5/cubic yard or $5 000 000) . 
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sludge would have flowed down the side slopes, affecting the 
of f -site perimeter. 

The S.I.W. sludge mix was spread over the top of the 
site to cover exposed refuse and provide a growth medium for 
native vegetation. The balance of the sludge was landfilled 
at the Upper Ottawa Street Landfill Site (12 000 cubic yards) 
and the Ancaster Landfill Site (3000 cubic yards) . The use 
of S.I.W. at the Brcimpton Street site resulted in sub- 
stantial savings for the plant expansion project by 
eliminating a round-trip haul of 18 miles to the Upper Ottawa 
Street Site for approximately 1000 loads of sludge. Field 
equipment and site supervision at the Brampton Street location 
were provided by DOFASCO at no cost to the Region. The Region's 
total estimated saving associated with this scheme was 
approximately $25 000. 

7. THE SAVINGS 

Table 2 summarizes the quantity of S.I.W. used by the 
Region since 1976, and the associated savings. 
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subsequent cell lifts. This measure is necessary to 
prevent the formation of perched leachate pockets, and 
the development of future leachate springs on side slopes. 

Also, impermeable cover will reduce or eliminate methane 
gas exfiltration from the immediate site surface. Therefore, 
it is particularly important to provide gas monitors outside 
the perimeter for early detection of methane migration, should 
it occur. Porous soils around a site will generally permit 
dispersion of gas to the atmosphere, while fractured bedrock 
may transmit gas to structures beyond the site. In winter, 
the surface of porous soils may freeze and trap gas, 
resulting in lateral migration. If necessary, methane 
control devices can be installed during, or after, site 
closure. 

6. SEWAGE SLUDGE STABILIZATION 

In 1978, DOFASCO S.I.W. was used in another unique 
application to stabilize digested sewage sludge. At that 
time, the proposed expansion of the Regional Sewage Treatment 
Plant in Hamilton required the excavation, removal and disposal 
of 24 000 cubic yards of inactive digested sewage sludge 
which had been buried on the plant property several years 
before. Ten thousand cubic yards of excavated sludge were 
blended with S.I.W. at the Brampton Street landfill site, 
adjacent to the Sewage Treatment Plant. Stabilization of 
the sludge was required because of the limited space 
remaining at this disposal site. Otherwise, the semi-liquid 
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the Region's field trials revealed that an eighteen month 
period of weathering resulted in sufficient atmospheric 
neutralization to allow the growth of naturally occurring 
vegetation. In general, a one or two year growth of 
indigenous plants should supply adequate organic content to 
the ground surface to permit the application and growth of 
cultivated vegetation. 

Progressive plant growth serves to "bind" the surface, 
and prevent dusting. However, a top dressing (6 inches) 
of clay was recommended by the Ministry of the Environment in 
order to minimize the immediate potential for wind-borne dust. 
Seed mixes are available for hydro-seeding of clay, but the 
proposed recreational use of the West Hamilton site prompted 
a decision to apply topsoil for early grass growth. Hence, 
although the DOFASCO S.I.W. exhibited most, or all of the 
qualities required of "final cover" it was used as "inter- 
mediate cover" in the Region's applications. Nonetheless, 
this material represented the most significant component 
of the site closure operations, due to the quantity available 
and its field performance . 

Depending upon scheduling of the proposed site use, the 
feasibility of permitting natural conditioning, versus application 
of topsoil , must be evaluated on a site-specific basis . 

A low-permeability cover minimizes surface water 
infiltration and gradually diminishes sub-surface leachate 
flow and surface leachate springs. If relatively impermeable 
materials are used for daily operations, underlying cells 
should be partially stripped of cover before the placement of 
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steel Industry Wastes were subsequently used in the operation 

and closure of four major sites, the Upper Ottawa, West End, 

and Brampton Street sites in Hamilton, and the Jerseyville 
Road site in Ancaster, 

On larger sites, S.I.W, was delivered by 40 cubic yard 
dump-trailer trucks. In smaller, more restricted areas, 
tandem axle dump trucks were employed for haulage. 

Operations were normally carried out during favourable 
weather, and were suspended during the wet months of the spring 
and fall when site accessibility became extremely difficult. 
Similarly, winter activities were restricted due to 
difficulties encountered in spreading, grading, and compacting 
partially frozen fill over snow-covered ground. 

In late 1979, no further grading was performed at the 
West Hamilton site while the closure status of all operational 
and closed Regional disposal sites was reviewed. A proposed 
final closure schedule was prepared in mid-1980. Comprehensive 
closure activities included hydrogeological investigations 
of all Regional disposal sites. 

ii) Observations 

In-place S.I.W. normally remains in a firm, stable 
condition, exhibiting slight cementitious characteristics, 
unless disturbed by heavy machinery. 

Preliminary horticultural analyses indicated that S.I.W. 
appeared to have no vegetation support capabilities, however, 
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8. SUPPLEMENTARY CLOSURE ACTIVITIES 

Hydrogeological consultants were commissioned to perform 
initial environmental monitoring at former Regional disposal 
sites, as part of general closure operations. The results 
obtained from this work identified the essential accessory 
measures required to achieve safe closure, and to satisfy 
Ministry of the Environment guidelines. 

The Region has further assumed the responsibility to per- 
form ongoing hydrogeological monitoring at all closed sites. 
This comprehensive program, which includes regular field 
sampling and laboratory analyses , provides a continuous 
record of the presence and impact, if any, of leachate and 
methane gas migration. In this manner, potential problems 
can be identified and remedied expeditiously. It is 
generally expected that the closed sites effect on the 
environment will diminish with time, but Regional monitoring 
will continue for as long as recommended by the Ministry - 

When all closure measures have been completed in accordance 
with Ministry requirements, it is expected that site owner- 
ship will be returned to the appropriate local municipality. 
If further environmental protection measures (i.e. leachate 
or gas collection systems) are necessary, these will be 
implemented before transfer of site ownership. This work has 
generally been completed where required. 
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t.,. SUMMARY 



This presentation has provided a case history description 
of a unique application for a specific industrial waste, 
focusing on one aspect of the Region's overall waste management 
program. 

Note that the term "waste management" is used rather than 
"v/aste disposal". The dictionary definition for "waste" includes 

"to spend or use carelessly, squander; to allow to be used 
inefficiently; not productive; discarded as worthless". A 
contemporary waste handling system must process refuse safely 
and efficiently, and if possible, exploit the resource 
potential of refuse materials for maximum benefits. In 
particular, the current economic climate, increased scrutiny 
of public sector works, and the mandate to "do more with 
less, necessitate the application of innovative practices 
to minimize the "waste" in "waste disposal". 

The activities described reflect a growing effort to 
use waste as a resource. Private industry has, for many 
years, recycled its by-products, and present conditions 
require that innovative thought be further extended to 
devise new applications, or outlets, for waste products 
also. 

The use of S. I . W. has resulted in mutual benefits to both 
the Region and local industry by providing low-cost disposal 
for the private sector, while assuring a reliable source of 
suitable landfill site cover. 

The Region of Hamilton-Wentworth has completed its present 
task of site closures at minimal cost, by having access to 
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cover material which would otherwise be imported at substantial 
cost. Although the Region will not require the use of S.I.W. 
in the foreseeable future, the generation of industrial and 
construction wastes continues . 

In communities where conventional disposal site cover 
materials are scarce or costly, it is worthwhile to investigate 
available options . 

Thorough evaluations, performed with the assistance of the 
Ministry of the Environment, must first be carried out to 
determine whether or not a proposed material is acceptable 
for a specific application. 
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ABSTRACT 



SO^ Scrubbing Using Limestone 
by 

n. Sabanski, Acres , Davy ,McKee Ltd 
Toronto, Ontario 



In 1974, Davy S-H introduced a highly efficient sulfur dioxide 
scrubbing process which has a lime solution as the active reagent. 
The final product from all Davy S-H processes is environniGntally 
inert gypsum. 

Since its introduction, the Davy S-H process has proven to be highly 
reliable and efficient. In addition, chlorides have been demon- 
strated to enhance the process, and no problems due to plugging or 
scaling have been reported. 

Davy S-H now reports the commercial availability of two variations on 
the lime solution process: the wet/dry hybrid, and the limestone 
slurry process. 

The wet/dry hybrid incorporates the best features of both wet and dry 
lime scrubbing to effectively solve the re-heat problem. The 
temperature of the treated effluent gases is sufficiently high for 
direct discharge to the atjnosphere without additional heating. In 
addition, the unit retains a high degree of elTiciency both with resuect 
to sulfur dioxide scrubbing and lime utilization. 

The limestone process applies a Mmostone slui;y ,:;s i\w. i.crubbijig !:iGd:ji)i, 
Through the highly effective utilization of recycle streams, both the 
efficiency of sulfur dioxide scrubbing and the utilization of liiiioslone 
is maximized. The final product from this process is environmentally 
inert gypsum. 



Note: A formal text of this paper was not made available by 
the author for inclusion in these Proceedings. 
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HAZARDOUS WASTE DISPOSAL BY THERMAL OXIDATION 

by 

J. Young, John Zink Company, Tulsa, Oklahoma. 



INCINERATOR PRIME OBJECTIVE SAFE, EFFECTIVE DISPOSAL OF INDUSTRIAL WASTES 




CASTABLE RCFRACTORV 



STACK 



WASTE 



FUEL 




BRtCK LINING 



COMBUSTION 

CONfTROL 

PACKAGE 



THERMAL OXIDIZER 



CASTABLE REFRACTORY 



FIGURE A-BASICINCINERATION SYSTEM 



Incineration has proved to be a viable method for 
the disposal of hcizardous wastes This is evidenced 
by the fact that John Zink has in excess of 6()() in- 
cineration systems in seaice throughout the world, 
destroying a vAde array of hazardous wastes. 

The basic incineration system is shown schematically 
in Figure A It consists of an incinerator or Themial 
Oxidizer (T.O.) as we prefer to call it. burner, stack 
and combustion control package. The Thermal 
Oxidizer is a cylindrical steel vessel with the walls 
normally lined with fire brick and the floor normally 
lined with castable refractory The stack is cylindrical 
in shape and normally lined with castable refractory. 



PRODUCTS OF COMBUSTION 




IDEAL 


po. 


>, HA02,N2 NOxAfSOxA* 




V ^ 

FG 




REAL 


CO2 


,H20,02,N2, NOx.SOx 




UHC, CO 


« — 


Sub A designates acceptable level. 



The ideal composition of the flue gas (FG) result- 
ing from the high temperature oxidation of hydro 
carbons by the basic system is CO2. H2O. O2. 
N2. and acceptable levels of NOx and SOx. During 
this presentation acceptable levels of NOx and 
SOx are denoted by a sub A. The real composition 
of the flue gas from a commercial system contains 
low concentrations of CO and unbumed hydro 
carbons (UHC) in addition to CO2. H2O, O2 
and N2. 

The Clean Air and Resource Conservation and 
Recovery Act (RCRA) which governs the amount 
of inorganic adds (SOx. NOx. Ci^/HCI. ^) and 
particulate (PaOs AlaOi. NaCl. * } and the rapid 
increase in the cost of energy, have limited the 
applicability of the basic Thermal (Oxidizer system. 
Currently, gtn optimum pollution control process 
is one which either minimizes fuel usage or maxi- 
mizes energy recovery while converting an industrial 
waste into an environmentally acceptable form. 
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in this analysis the flame temperature was indirnted 
to be 32(X)'^F Figure D is a plot of adiahalic flame 
temperature, uoiume i^ercent combustibles and 
volume percent oxygen versus percent of stoichio- 
metric combustion air for *2 fuel oil and natural 
gas. The figure indicates a theoretical flame tern 
perature of 32(X)'^K w.'hen methane is bLinit\i w\\\'\ 
125 percent of stoichiometric combustion air i2r>"i> 
excess). In the e>^mple. air was used to ctiol (he 
32(X1^F products of combustion leaving the burner 
to the Thermal Oxidizer exit temperature of Tj. 
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TABLE I 
INDUSTRIAL WASTE AND POLLUTION PROCESS 



Classification 


Industrial Waste 


Pollutant 


Process Number 


Gas 


Asphait fumes 




1.1,1.2,1.3,1.4 




Chloroform 


CI2/HCI 


2.1,2.2 




Hydrocarbon fume 




1.1, 1.2, 1.3, 1.4 




HCN + Hg 


NOx 


3.0 




H2S Vents 


SOx 


2.1,2.2 




Methyl Chloride 


CI2/HCI 


2.1,2.2 




NH3 


NOx 


3.0 




NOx 


NOx 


3.0 




Phosgene 


CI2/HCI 


2.1,2.2 




Tail Gas 




1.1, 1.2, 1.3, 1.4 




VCM Vents 


Clz/HCI 


2.1.2.2 


Gas/Solid 


Air/Maleic Anhydride 




1.1,1.2,1.4 




Air/Phthatic Anhydride 




1.1,1.2,1.4 




Air/Polyethylene 




6.1,6.2,6.3 




CO + H2/C 




6.1,6.2,6.3 




CO + H2/C + Ash 


Particulate 


7.1,7.2 




Hydrocarbon/C + Ash 


Particulate 


7.1,7.2 




Propene/AIjOs 


Particulate 


5.1,5.2,5.3 


Liquid 


Acrylonitrile 


NOx 


3.0 




Carbon Tetrachloride 


CI2/HCI 


2.1,2.2 




Chloroamine 


ClzHCl, NOx 


4 




Herbicides 


CI2HCI 


2.1,2.2 




Hexachlorobenzene 


CI2/HCI 


2.1,2.2 




Hydrazine 


NOx 


3.0 




H2O + Creosote 




1.1, 1.2, 1.4 




HjO + Iso-cynates 




1.1,1.2,1.4 




Nitrosamine 


NOx 


3.0 




Organic Acids 




1.1, 1.2,1.4 




Pesticides 


CI2/HCI 


2.1,2.2 




PCB 


Clz/HCI 


2.1,2.2 




Pyridine 


NOx 


3.0 




VCM 


Cla/HCi 


2.1,2.2 




High N2 Crude 


NO, 


10.0 


Liquid/Solid 


APP + Solvent/Catalyst 


Particulate 


5.1,5.2,5.3 




Biosludge 


Particulate 


5.1,5.2,5.3 




Dye Solution 


Particulate 


5.1,5.2,5.3 




Melamine Slurry 


NOx 


8.0 




Phosphorous Sludge 


H3PO4 


5.1 




Salt Solution 


Particulate 


5.1,5.2,5.3 




TPA/Catalyst 


Particulate 


5.1,5.2,5.3 




Polypropylene/Catalyst 






Solids 


APP/Catalyst 


Particulate 


9.0 




Coal Fines 


Particulate 


7.1,7.2 




Coke Fines 


Particulate 


7.1,7.2 




DNT Cellulose 


NOx 


8.0 




Polyethylene 




6.1,6.2,6.3 




Sodium Organic Salts 


Particulate 


7.1,7.2 




Wood Chips 


Particulate 


7.1.7.2 
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Table I entitled Industrial Waste and Pollution 
Process lists these categories in the left hand 
column. Note, the absence of a gas + liquid cate- 
gory. A gas -^ liquid waste, both fluids, versus a gas 
only or liquid only waste requires a choice of burner 
and not process. 

The middle column lists a typical wciste for each 
category. For example, a fume stream which is 
predominately air containing approximately one per- 
cent (10.000 PPMv} hydrocarbon is listed as a 
gas waste and biosludge is listed as a liquid + solid 
waste. Cfcviously. this second column does not 
contain all known industrial wastes. However, it is 
hoped that your waste is sufficiently similar to a 
waste listed so you can choose the correct waste 
process. 

Meeting stringent pollution control regulations 
governing the amount of inorganic acids. (SOx, 
NOx. H.-iPO^. CL2/HCL) and paniculate matter 
requires the use of additional equipment with the 
basic incineration system. A majority of the remain- 
ing portion of this paper is dedicated to furnishing 
the reader with a method of selecting the correct 
system. To accomplish this task, it was necessary 
to place this selection scheme on a "Cookbook" 
basis by dividing the various industrial wastes into 
an "As Received" classification and then specify- 
ing the applicable process. 

Wastes are supplied to a disposal process in the 
form of either gas, liquid or solid or in a combina- 
tion thereof. Thus, wastes can be systematically 
divided into the categories: gas, liquid, solid, gas + 
solid, liquid ■ solid and gas "f" liquid. 

The right hand column is a list of process numbers 
.vhich identify processes required to dispose of the 
A^astes listed in the corresponding row. For example. 
Process 6 is used to dispose of a gas + solid stream 
;onsisting of CO, H2O and solid cartwn. Nine 
similar but separate processes to dispose of indus- 
lial wastes and one related process designed to 
3um a high nitrogen crude are described in the 
ext. Five processes have been selected for discus- 
sion. These are listed in Table II. 





TABLE II 




SELECTED POLLUTION PROCESSES 


PROCESS 


INDUSTRIAL 


POLLUTANT 




WASTE FUEL 




2.2 


PCB 

VCM 

PEsrrciDES 


CN, HCI 
CI,, HCI 
CU, HCt 


3.0 


NHj 
NITROSAMINE 


NOx 
NOx 


5.2, S.3 


NACL SOLUTION 
POLYPROPYLENE/CATALYST 


PARTICULATE 
PARTICULATE 


10.0 


HIGH N, CRUDE 


NOx 



- 281 - 



Figure 1 contains four diagrams, one for each of 
the four configurations of a process to dispose of 
either a gaseous or liquid waste which produces a 
flue gas containing acceptable amounts of SOx 
and or NOx Configuration 1 1 is simply a Thermal 
Oxidizer, as shown previously in Figure A. which is 
supplied with waste, fuel and combustion air Fuel 
is reqiiired when the waste's combustion energy is 
insufficient (endothermic) to produce a design 
operating temperature. An exothermic waste only 
requires fuel for pilot start up. A highly exothermic 
waste requires a cooling medium such as excess 
air. steam or water, for temperature control. 

Configuration I 2 is a Thennal Owdi/er fitted with 
a heat recovery boiler. The boiler, with economizer, 
can recover approximately 85% of the heat energy 
supplietl to the Thermal Oxidizer by the waste and 
fuel when the flue gas is cooled to .'-iSil^F. 

Configuration 1.3 is a Thermal Oxidizer fitted with 
a gas to gas heat exchanger In the heat exchanger 
the flue gas is cooled and the waste gas heated. 
This method of heal recovery, when heating 60°F 
waste gas to wnthm 4(X)°F at an 18(X1°F operating 
temperature, can reduce a 40 MM BTU hr. without 
preheat requirement, to approximately 8 MM 
BTl) hr. {Please refer to Figure lA for an estimate 
of the fuel savings } 

Configuration 1 .4 is a Thermal Oxidizer fitted with 
a gas-togas heat exchanger and a heat recovery 
b(5iler The preheater heats the incoming combus- 
tion air aiul the boiler extracts the heat available 
in the flue gas from exchanger outlet temperature 
to .'i5()'-'F This configuration offers fle>dbility in 
the amount of steam produced versus fuel usage. 
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Figure 2A - Equilibrium Constant vs Temperature 



Figure 2 contains two block diagrams one for each 
of the two configurations of a process to dispose 
of either a gas or liquid waste, which produces flue 
gas containing excessive amounts of SOx or 
Cb/HCL. 

Configuration 2.1 consists of a Thermal Oxidizer, 
a quench section which cools the flue gas to its 
saturation temperature by directly contacting it with 
water, two adiabatic absorbers which remove in 
organic acids and chlorine and an unlined (no 
refractory) vent stack. 

Water is used in the firet absorber to remove a 
majority of the HCL from the flue gas. The remain 
ing HCL and virtually all the entering Ch leaves 
the absorber with the flue gas. A second absorber 
with caustic is used when either the CI2 or HCL 
in this stream exceed allowable levels. This occurs 
when excessive CI2 is formed in the Oxidizer (Sec 
Figure 2A for HCL/CI2 equilibrium) or when the 
first absorber is used to make strong HCL. 

Configuration 2.2 consists of a Thermal Oxidizer, 
a heat recovery boiler which produces steam in 
cooling the flue gas to 350°F. two adiabatic absor- 
bers, the first being fitted with a lower section of 
ceramic packing which cools the 350°F flue gas to 
saturation temperature prior to its entry into the 
acid absorption section. A second absorber for 
residual HCL and CI2 removal and an unlined 
vent stack. 

Note that cool flue gas (recycle gas) is recycled to 
the Thermal Oxidizer for control of operating tem 
perature when the waste is highly exothermic. This 
method of cooling is verv important because it 
maximizes heat recovery. Other methods of cool- 
ing add mass to the system which increases the 
sensible heat lost from the system via an increased 
quantity of flue gas at the same exit temperature. 
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Figure 2B is a schematic of the system shown in 
Figure 2.2 which consists of horizontal TO., fire 
tube boiler, quench column, acid absorber and 
caustic scrubber. 
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FIGURE 3 - WASTE PROCESS 



Figure 3 is a block diagram of a two stage combus- 
tion process to dispose of either a gas or liquid that, 
when oxidized (one stage process), produces a flue 
gas containing excessive amounts of NOx. It con- 
sists of a reduction furnace in which a high temper- 
ature reducing (less than stoichiometric air) converts 
the fuel into H2. H:20. CO2 and CO which converts 
the NOx present into N2. quench section which 
cools the water gas to approximately 1400'^F. by 
directly contacting it with cool recycle gas. a 
Thermal Oxidizer which converts the H2 to H2O 
and CO to COj. heat recovery boiler which pro- 
duces steam in cooling the flue gas to 350°F. and 
an unlined vent stack. Recycle gas cooling in lieu 
of air, steam or water is an integral part of this 
process to minimize NOx formation and maximize 
heat recovetv- 
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The purpose of the cooling step is to lower the 
Thermal Oxidizer temperature. NOx production 
is related to the op)erating temperature as shown 
in Figure 3A which is a plot of NOx concentration 
versus temperature. For example, when 2% Oi is 
present, an operating temperature of 16(X)°F has 
an equilibrium NOx value of 42 PPMv and at 
2000°F has a NOx value of over 200 PPMv. 
Thus, it is desirable to operate at the lowest prac- 
tical temperature. Another consideration is to 
oxidize the H2 and CO present to meet regulations. 
The design becomes a trade off between the Ha 
and CO allowables and NOx allowables. 
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Figure 3B is a schematic of a Noxidizer system. 
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Fiyurt' 4 is a block diaijram of a process to dispose 
ot fiiluT .1 yds or liquid that produces a flue gas 
containiny Cli; HCL and excessive amounts of 
NOx It coMsisIs of a reduction furnace in which 
a hiyh leniperature reducing eiivironnioni converts 
NOx into Nl\ the C! into HCI. and fuel into water 
gas. a quencfi station which ctKils the water gas to 
approximately MDO'^F hy directly contacting it 
with recvcle gas. a Themial Oxidizer which converts 
the Hn to Hl>0. CO to COj and allows the HCL to 
come to equilibrium producing CI^/HCL. a heat 
recovery bculer which produces steam in cooling 
the flue gas to 350°F. an adiabatic absorber, fitted 
adth a lower section of ceramic packing which cools 
the '^5()°F flue gas to saturation temperature prior 
to Its entry into the acid absorption section which 
removes the inorganic acids, and an unlined vent 
slack. Recycle gas cooling is an integral pari of 
this process to minimize NOx formation and 
maximize heat recovery. 

Note that when the bound nitrogen compounds 
are contained in a feed stream separate from the 
chlorine containing stream, the chlorine stream can 
be admitted to the Tliermal Oxidizer, This separa- 
tion of streams would result in a smaller amount 
of products produced in the reduction furnace and 
thus a smaller reduction furnace which would be 
less costlu 
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FIGURE 5.1 -WASTE PROCESS 



Figure 5 is three block diagrams one for each of 
three configurations of a process to dispose of 
either a gaseous or liquid waste which produces 

flue gas containing excessive amounts of parti- 
culate matter. 

Configuration 5.1 consists of a Thermal Oxidizer, 
a quench section which cools the flue gas to its 
saturation temperature by directly contacting it with 
water, a venturi scrubber which removes the particu- 
late matter and a vent stack. 
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FIGURE 5.2-WASTE PROCESS 



Configuration 5.2 consists of a Thermal Oxidizer, 
a conditioning tower which cools the flue gas to 
either 60(J°F or 350°F depending upon the dry 
particulate removal system selected, by directly 
contacting it with water, with either an electrostatic 
precipitator or bag house for particulate removal, 
and an unlined vent stack. 
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FIGURE 5.3- WASTE PROCESS 



Configuration 5.3 consists of a Thermal Oxidizer, 
a conditioning tower, fitted with a Salt Master™ 
which lowers the flue gas to below salt fusion 
temperature by directly contacting it with recycle 
gas. a heat recovery boiler which produces steam 
in cooling the flue gas to .350°F, either an electro- 
static precipitator or bag house for particulate 
removal, and an unlined vent stack. The Salt 
Master™ removes salt from the bottom of the con- 
ditioning tower before it can build up to the level 
sealing the inlet duct to the boiler. This would 
cause high system pressure drop causing system 
shutdown. Note, recycle gas is used for cooling to 
maximize heat recovery. 
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IigurL' r>A is a schematic of a dc«A'n fired salt system 
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Ijgurc 5B is a schematic of a down fired salt system 
\vith heat recovery. 
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Figure 6 is three block diagrams, one for each of 
three configurations of a process to dispose of a 
waste containing combustible fine solids {less than 
500m) which produces flue gas containing accept- 
able amounts of SOx and or NOx. 

Configuration 6,1 consists of a cyclonic Thermal 
Oxidizer in which a high radial gas veiocitv' causes 
the denser solid particles to be preferentiallv; "slung" 
to the wall, thus markedly increasing their retention 
time, and a refractory lined stack- 
Configuration 6.2 consists of a cyclonic Thermal 
Oxidizer fitted with a heat recovery boiler which 
produces steam in lowering the flue gas tempera- 
ture to 350°F. and an unlined vent stack. 

Configuration 6.3 consists of a cvvrlonic Thermal 
Oxidizer, fitted with a gas-to-gas heat exchanger, 
which heats the incoming combustion air, and a 
heat recovery boiler which recovers the heat avail- 
able in the flue gas from the heat exchanger outlet 
temperature to 350°F and an unlined vent stack. 
This configuration offers flexibility in the amount 
of steam produced versus fuel usage. 
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Fiqiire 7 consists of two block diagrams, one for 
e<ich of two configurations of a process to dispose 
of a gaseous waste containing a combustible fine 
solid, (less than 50(V) whicfi produces flue gas 
containing acceptable amounts of SOx and/or NOx 
and excessive amounts of particulate. 

Configuration 7.1 consists of a cyclonic Thermal 
Oxidizer and either a quench column, which by 
directly contacting the flue gas with water, cools it 
to its saturation temperature of approximately 
19(}°F, and a venturi scrubber which removes the 
particulate matter, or a conditioning tower which 
by directly contacting the flue gas with recycle gas 
cools it to either 600 or 3(X)°F. depending on the 
dry particulate removal system selected, and either 
an electrostatic precipitator or bag house for par- 
ticulate removal, and an unlined vent stack. 

Configuration 7,2 consists of a cyclonic Thermal 
Oxidizer, a hot cyclone for large particulate removal 
and'or conditioning tower which by directly con- 
tacting the flue gas with recycle gas cools it to below 
asii fusion temperature, a heat recovery boiler 
which produces steam in cooling the flue gas to 
'^50°F. either an electrostatic precipitator or bag 
house for particulate removal, and an unlined vent 
stack- Recycle gas is used for cooling to maximize 
heat recovery. 
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Figure 8 is a block diagram of a process to dispose 
of a waste thai contains combustible solids in the 
size range of 10 to 500m that produces a flue gas 
containing excessive amounts of NOx. It consists 
of a cyclonic reduction furnace in which a high 
radial velocity, high temperature reducing (less 
than stoichiometric air) environment, converts the 
bound N2 into N2 and the fuel into watei gas. a 
quench section which cools the water gas to approx- 
imately 14(X)°F. and a Thermal Oxidizer which 
converts the H-' to H2O and CO (o COj. a heat 
recovery boiler which produces steam in cooling 
the flue gas to 305°F and an unlined vent stack. 
Recycle gas cooling, not air. steam or water is an 
integral part of the process to minimize NOx for- 
mation and maximize heat recovery. 
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Figure 9 is a block diagram of a process to dispose 
of plastic chunks containing catalyst which produces 
flue gas containing excessive amounts of particu- 
late. It consists of a reduction furnace which burns 
the waste In a pool on the furnace floor in a reduc 
ing environment producing a moderate BTU gas. 
a Thermal Oxidizer, a conditioning tower which. 
by directly contacting the flue gas with recycle gas, 
cools it to below salt fusion temperature, a heat 
recover^' boiler which produces steam in cooling 
the flue gas to 3vS0°F. either an electrostatic pre 
cipitator or bag house for particulate removal and 
an unlined vent stack. Recycle gas is used for cool- 
ing to maximize heat recovery. 
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Figure 10 ib c\ block diagram of a tu-'O stage com- 
bustion process to burn a high nitrogen crude that, 
when oxidized [one stage), produces a flue gas 
containing excessive amounts of NOx. 

This process is similar in concept to process three. 
It consists of a reduction boiler, substituting for 
process three's reduction furnace, in whicii a high 
temperature reducing (less than stoichiometric air) 
converts the high nitrogen crude into Hj. H2O. 
CO-, and CO which limits the formation of NOx 
and reduces any formed NOx into N..'. a smaller 
quench section than process three which cools the 
water gas to approximately HCXl'^F. by directly 
contacting it with cool recycle gas, a Thermal 
Oxidi^er which converts the Hi> to HiO and CO 
to COj. ct>nvection boiler which produces steam 
in cooling the flue gas to 305°F. and an unlined 
vent stack. Recycle gas cooling in lieu of air. steam 
or water is an integral part of this process to mini- 
mize NOx formation and maximize heat recovery. 
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FIGURE 10 - WASTE PROCESS 



Figure IdA is a schematic of the super l,o NOx 
boiler system. 

Table III, entitled Lo NOx boiler data, lists data 
which indicate the capability of this system to con- 
trol flue gas NOx, 



RECYCLE GAS 



i. 



COMBUSTION AIR 




REDUCTION 
BOILER 



ATOMIZATION STEAM 
HIGH Nj CRUDE OIL 




REOXIDATION 
SECTION 



CONDITIONING 
SECTION 



FIGURE 10A - SUPER LOW NOx BOILER 



- 292 - 










TABLE III Lo NOx BOILER DATA 


















T.O. TEMP 


FLUE GAS O2 


NOx, 


PPMV 


Dry 


No. WASTE/FUEL 
NOXIDIZER 




BURNER 


°F 


% 


Vol. Dry 


EPA 


SGA 


TEA 






1 


Anhydrous NHs 




HI-3 


1508 




2.8 


24 


45 


— 


2 


Anhydrous NHa 




HI-3 


1550 




1.2 


59 


106 


— 


3 


Anhydrous NH3 




Hi-3 


1504 




2.2 


27 


120 


— 


4 


Anhydrous NHj 




HI-3 


1635 




2.2 


12.3 


41 


— 


5 


Anhydrous NHs 




HI-3 


1614 




1.3 


31 


46 


— 


1 


Acrylonitrile 
+Amide - Amine 




HI-3 


1902 




3.4 


43 


150 


— 


1 


#6 Oil 




HI-3 


1583 




2.4 


_ 


80 


— 


2 


#6 0(1 




HI-3 


1564 




2.0 


_ 


95 


— 


1 


CaMfornia Crude Oit 




HI-7 Modified 


1734 




22 


76.1 


105 


— 


2 


California Crude Oil 




HI-7 Modified 


1510 




3.67 




105 





3 


California Crude Oil 




HI-7 Modified 


1852 




— 


— 


140 


— 


4 


California Crude Oil 




HI-7 Modified 


1641 




2.3 


— 


93 


— 


LO-NO 


X Boiler 


















1 


Natural Gas 




HI-3 


1565 




2.4 




30 




2 


Natural Gas 




HI-7 


1598 




3.1 


42.8 


— 


— 


3 


Natural Gas 




HI-7 


1525 




2.0 




25 


— 


4 


Natural Gas 




HI-7 rviodified 


1519 




4.8 


» 


27 


— 


5 


Natural Gas 




HI-7 Modified 


1551 




4.3 


_ 


30 


— 


6 


Natural Gas 




HI-7 Modified 


1570 




4.8 


_ 


25 





1 


#2 Oil 




HI-7 


1717 




4.0 


— 


65 





2 


#2 Oil 




HI-7 


1591 




1.3 


_ 


55 


— 


1 


#6 Oil 




HI-7 Modified 


1599 




4.2 


• 


105 


— 


2 


#6 Oil 




HI-3 


1719 




3.6 


.^ 


98 


— 


1 


California Crude Oil 




HI-7 Modified 


1880 




7.4 


^ 


300 





2 


California Crude Oil 




HI-7 Modified 


1953 




2.2 


^ 


470 





3 


California Crude Oil 




HI-7 Modified 


1616 




4.0 





120 





4 


California Crude Oil 




HI-7 Modified 


1610 




3.0 





122 


— 


5 


California Crude Oil 




HI-7 Modified 


1601 




2.6 


126.5 


135 


— 


6 


California Crude Oil 




HI-7 Modified 


1757 




2.8 





115 


— 


7 


California Crude [Ci] 




HI-3 #6 


1875 




2.4 


46 


— 


73 


8 


California Crude (C?) 




HI-3 #6 


1868 




2.6 


48 


— 


78 


3 


California Crude Oil 


Flue Gas No^ 


Concentration corrected to 3% O^ 




— 


127 


4 


California Crude Oil 


Flue Gas Noji 


Concentration corrected to 3% O, 




— 


122 


5 


California Crude Oil 


Flue Gas No^ 


Concentration 


corrected to 


3%Oj 




123.7 


132 


6 


California Crude 


Oil 


Flue Gas No^ 


Concentration 


corrected to 


3%0, 




— 


114 


7 


California Crude 


(CJ 


Flue Gas Nox 


Concentration 


corrected to 


3%0, 


48.5 


— 


71 


8 


California Crude 


(CJ 


Flue Gas No^ 


Concentration corrected to 3% Oj 


50.5 


— 


76 




EPA — Environmental Protection Agency 
















SGA— Source Gas Analyzer 
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Abstract 

The TAGA (Trace Atmospheric Gas Analyzer) system provides 
Environment Ontari,o with one of the most advanced and 
sophisticated means available to monitor volatile industriai wastes. 
Its sensitivity, speed, and versatility allow the system to be adapted 
to many of the Ministry's environmental concerns. 

The TAGA 3000 system is an atmospheric pressure chemical 
ionization (APCI) mass spectrometer which is capable oi" detecting 
and quantifying a broad range of organic and inorganic contaminants. 
It is part of a completely self-contained mobile laboratory which has 
been outfitted with a dedicated computer system, meteorological 
instrumentation, and communication systems. The unit is powered by 
two six-kilowatt generators located in the rear of the vehicle. 

Direct air sampling coupled with APCI affords near 
instantaneous response to ultra-trace levels (sub-ppb) of volatile 
pollutants- This versatile system can be operated In either one of 
two modes: (a) the mass scan (MS) mode to produce a 'fingerprint' of 
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the components in the sampled air or, (b) the selected ion monitoring 
(SIM) mode for compiiing real-time measurements of up to eight 
pollutants Simultaneously. This latter feature has proven to be most 
valuable in responding to emergency chemical spill situations such as 
train derailments when ambient air concentration information was 
crucial. 



During the past two years Environment Ontario's mobile TAGA 
3000 system has been instrumental in providing vital emissions data 
for a variety of industrial-related sources including: chemical 
manufacturing plants, landfill sites and chemical spills. This paper 
briefly describes the Ministry's mobile TAGA system as it has been 
applied to addressing these particular environmental concerns. Some 
examples of actual field work recently conducted by the Air 
Resources Branch will be presented. 
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Introduction 

For the past few years, scientists at the Air Resources Branch of 
Environment Ontario have been applying the mobile Trace Atmospheric Gas 
Analyzer, model 3000 (TAGA) to the challenging task of monitoring volatile 
compounds in the ambient air. The TAGA unit is also key ingredient of the 
Ministry's emergency response contingency plans. 

Essentially, the TAGA system is an atmospheric pressure chemical 
ionization (APCI) quadrupole mass spectrometer mounted in a mobile van. Its 
unique features of hypersensitivity and direct air sampling permit the rapid 
analysis of complex matrixes without prior pre-concentration techniques. A 
large range of organic and inorganic compounds can be measured in the recd-time 
while either mobile {plume tracking) or stationary. 

The TAGA unit is usually assigned to those environmental concerns where 
there exists a need for either real-time mobile monitoring of a specific pollutant 
(or pollutants) or when the identities of the pollutants being emitted are 
unknown. The logistics of the more traditional techniques (i.e. adsorbent 
trapping followed by GC analysis) renders their application inappropriate in these 
instances. 

In this paper the TAGA approach to monitoring industrial wastes will be 
discussed. Specific examples will be given to exemplify the scope of applications 
to the environmental field ranging from fingerprinting the emissions from 
landfill sites to monitoring toxic chemicals released from derailed tank cars. 



The Van 

A twenty-six foot GMC "Transmode" recreational vehicle was chosen to 
house the TAGA 3000 because of its unique feature of self-levelling air bag 
suspension. A smooth vibration free ride is essential for the mobile operation of 
the on-board computer system. Other fundamental equipment installed includes: 
a ten meter telescopic tower which supports the meteorological instrumentation; 



- 297 - 



communication systems (to relay vital air quality data to a command centre)i,gas 
supply system; refrigerator for chemical storage; various work spaces and 
storage facilities. An automatic fire repression system was recently added to 
protect the van's valuable contents. 

The unit is powered by two six-kilowatt air-cooled "Onan" generators; one 
supplies power to the TAGA and computer circuits while the other supports the 
auxiliary circuit which feeds power to the heaters, air conditioners, cooling fans, 
receptables, and lights. Since either circuit can be activated by either generator 
the TAGA can remain functional in crucial monitoring situations even if one 
generator should fail. 



The Instrument 

The TAGA technology is based on the principles of atmospheric pressure 
chemical ionization (APCI) coupled with quadrupole mass spectrometry (MS). 
Ambient air is sampled directly and continuously into the ion source at a typical 
flow rate of 1.5 L/S. The high flow rate through the large bore (22 mm) all glass 
and "Teflon" sampling line minimizes the 'memory' effects due to wall 
adsorption. 

Contaminants carried by the flowing ambient air, become ionized as they 
pass through a point- to- plane corona discharge- These ions are then directed 
electrostatically through a 100 micron orifice into a vacuum region for mass 
spectral analysis and detection. The atmospheric-to-vacuum interface assembly 
only permits ions and ultra pure nitrogen to pass into the vacuum region, 
repelling the particulate matter and the non-ionized contaminants. This is 
accomplished through the utilization of a unique counter-flowing curtain gas. 

The vacuum system consists of a two stage, closed-loop, helium cryogenic 
refrigerator coupled to a baffled cryo-array. Apparently this system can achieve 
pumping speeds of 20,000 L/5 at the operating pressure of 10" torr. Cryogenic 
systems are noted for being extremely clean and requiring little maintenance. 
However after approximately ^0 hours of use the vacuum system has to be 
recycled; that is, the solidified gases (mostly nitrogen) are allowed to warm-up 
and be exhausted from the vacuum chamber. 
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The quadrupole mass filter has a continuous mass scan range of 2 to 560 
atomic mass units. Upon exiting from the mass filter, the ions are detected by 
an electron multipler (Channeltron) and finally a digitilized signal is transferred 
to the computer and CRT unit for visual display. See Figure 1 for an overview of 
the instrument. 

Complete control of the TAGA is facilitated by the on-board dedicated 
computer system. The TAGA operator interacts with the system in the real- 
time through a CRT graphics terminal. Data are permanently recorded by a 
double-density, dual floppy disc system and can be instantly printed by a hard- 
copy unit. 



Atmospheric Pressure Chemical Ionization 

Basically APCI is a chemical means of ionizing the trace compounds in air 
such that the TAGA can 'see' them. The main advantage of chemical ionization 
is that it is a 'soft' ionization process, and the ionized species remains intact 
thus the mass or molecular weight is readily obtained. This is in contrast to the 
'hard' ionization process of electron impact ionization which imparts higher 
energies to the ions causing them to fragment. For direct analysis of complex 
mixtures this fragmentation effect is unfavourable since the molecular weight 
information may be lost, not to mention a reduction in sensitivity. 

In addition, APCI allows the TAGA operator to perform 'in-situ' separation 
of the pollutants into their chemical classes through the use of specific chemical 
ionization reagents. For example, ammonia vapour can be added to the sample 
gas stream to instantaneously separate amines from the bulk sample. This is 
achieved through selective chemical ionization governed by the ammonia 
molecules. The net effect of chemical ionization is a much simplified spectra 
for interpretive purposes. 

In general, the instrument is sensitive to those chemicals which contain a 
heteroatom such as O, N, P, S, halogen, metal, etc. Alkanes, alkenes and low 
molecular weight halocarbons are not readily and unambiguously detected with 
the TAGA under APCI conditions. However, preliminary research indicates that 
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the new low pressure ion source may aieviate this shortcoming by expanding the 
range of detectability to include some of these chemical classes. 

Trace species can be detected in the ppt to ppm concentration range. The 
actual sensitivity or quantitative response for a particular chemical is greatly 
dependent on the composition of the matrix. Therefore, on-site calibrations are 
usually performed to obtain accurate quantitative data. 



Field Applications 

The unique features of the mobile TAGA system permit it to be applied to 
an assortment of the Ministry's monitoring requirements. In general, the 
applications of the TAGA unit include: isolation and/or identification of sources; 
fingerprint analyses of complex air pollution; confirming the effectiveness of 
industrial abatement devices; mapping of ground-level concentrations (GLC's); 
odour identification and emergency reponse to hazardous spills. In the discussion 
that follows a number of actual field studies are cited which best exemplify the 
power of the technique and the kinds of information that the mobile TAGA unit 
can generate. 

As the uses of the TAGA unit expanded, a certain survey strategy evolved 
for sampling, detecting and quantifying a large variety of volatile pollutants at 
trace levels. The systematic approach usually adopted is a two phased process. 
Firstly, a qualitative fingerprint of the emissions is derived from scanning over a 
wide mass range; secondly quantitation of a select number of target compounds 
is procurred through selected multiple ion monitoring. The extent to which the 
Survey Strategy Plan (S5P) is executed depends on the potential complexity of 
the environmental matrix and the specific information sought. 



Case One: An Chemical Manufacturing Plant 

In response to reports by local inhabitants of noxious 'fish-like' odours, the 
TAGA unit was dispatched to investigate a chemical manufacturing plant. 
Sampling in the vicinity of the chemical plant was conducted 
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in the spring with excellent results. The skies were clear, the wind direction 
from the northwest; the wind speed was between 5 and 10 km/hr; and ambient air 
temperature was 25 C. 

Just downwind of the plant, approximately 20 meters to the south of the 
facility, a public road, running east-west, was found ideal for monitoring the 
emissions. For this study, the TAGA was utilized in the real-time, multiple ion 
scanning mode- The characteristic ions of three pre-selected target compounds, 
namely monomethyl amine (MMA), dimethyl amine (DMA) and trimethyl amine 
(TMA), were monitored as a function of distance {see Figure 2). The 
instantaneous responses were recorded every 2 seconds for a period of 10 
minutes while the van was driven along the public road at 20 km/hr. As clearly 
seen the concentration of the three amines increased substantially, 10 to 100 
fold, as the TAGA passed close by this facility. The boundaries of plume and the 
position of maximum GLC's were readily located during this single transverse. 

The data leave little doubt of the identity and source of the odourous 
pollutants. In just a few hours the TAGA unit produced the emissions 
information required for the environmental officers to engage in discussions with 
the plant personnel regarding the appropriate industrial abatement measures. 



Case Two: A Chemical Manufacturing Plant 

The subject of this survey was a chemical plant which supplies chemicals 
for the rubber manufacturing industry. The plant is located on the edge of a 
small town in central Ontario. Presented here are only samples of the most 
recent TAGA results which show the fingerprinting capabilities of APCI-mass 
spectrometry. 

For several days during late May, 1981, Phase 1 of the Survey Strategy 
Plan was implemented in order to assess the extent of the emissions from the 
industry. Essentially the procedure involved collecting mass scans at various 
positions upwind and downwind of the plant. The downwind positions were 
determined by locating the maximum GLC for a chemical unique to the plant via 
plume tracking techniques. Then mass scans of the air were taken for a variety 
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of chemical ionization reagents. Background correction was accomplished by 
simply subtracting the upwind signal from those recorded downwind. (This is 
actually done by the on-board computer system.) A sample of the resultant 
fingerprinting information is presented in Figure 3. The tentative identification 
of the mass spectra were based on the chemical ionization data, and knowledge 
of the company's chemical inventory. In all, some 20 chemicals were observed in 
the abundance range of ppt to low ppb. 

The next phase of the study is scheduled to proceed later this year and will 
entail quantitation of five target compounds considered by the Ministry's medical 
consultant to be of greatest concern. 



Case Three: An Industrial Waste Landfill Site 

In the late summer months, the TAGA was used to analyze the gases 
emanating from a former industrial waste landfill site. In view of the fact that 
the inventory of chemicals dumped at the site is unknown, the situation 
presented the most challenging analytical task yet to be addressed by the TAGA 
unit. 

Sampling of a number of man-made vents was performed by extending a 
glass line from the TAGA ion source directly into the vents. The usual wide 
range mass scans were recorded for several CI reagents. These were compared 
to readings taken at an upwind position. 

Although the results are preliminary, there is some evidence that a wide 
spectrum of chemicals are being emitted from the landfill site. In fact, some 
two to three hundred chemicals have been tentatively identified. Order-of- 
magnitude estimates of the concentrations indicate low parts per billion levels. 
On-site quantitation of some chemical class representatives are expected in the 
near future. 



Case Four: Emergensy Response 

Perhaps the value of a mobile TAGA system was best demonstrated when 
emergency monitoring was required. Over the past three years the TAGA unit 
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has responded to two environmental emergencies both of which involved train 
derailments; namely, the well-publicized Mississauga incident and the very 
recent Medonte Township derailment. 

On November 10, 1979 twenty-four railway cars derailed at the Mavis Road 
crossing in the city of Mississauga, Ontario. A tank car containing 90 tons of 
liquid chlorine began to leak, and propane from ruptured tank cars burned for 
several days. Emergency contingency plans were implemented and more than 
200,000 residents were evacuated from the surrounding area. 

At 8:00 am on November 11, TAGA units were summoned to track the 
chlorine plume and measure the maximum concentration therein. Typical 
concentration profiles as generated by traversing the plume with the TAGA unit 
are shown in Figure ^. This information was most valuable in assisting the 
authorities in establishing the areas of evacuation and ensuring the safety of the 
emergency personnel. 

On Sunday, February 28, 1982, thirty-nine railway cars derailed in the rural 
area of Medonte Township near Orillia, Ontario, Both the MAM (Mobile Air 
Monitoring) and TAGA units of the Air Resources Branch were commissioned to 
the crash site because a tanker of anhydrous hydrogen fluoride (HP) had not been 
located in the entangled wreckage, and its status was unknown. The TAGA was 
the only instrument available that could instantaneously detect HF. (Just 
months previous to the accident. Ministry TAGA scientists had developed the 
methodology to unambiguously detect and quantify trace amounts of HF in 
ambient air.) 

Within four hours of the request, a TAGA unit was at the scene providing 
vital air quality data to the authorities. The MAM unit was responsible for 
obtaining the local meteorological parameters which was essential for the 
dispersion models and positioning of the TAGA unit. 

The air downwind of the wreck was screened for HF, chlorinated 
compounds, and cyanide (possible products from burning plastics) while the work 
crews re-positioned the tank car and pumped its toxic contents to a second car. 
Fortunately the entire clean-up programme proceeded without an incident and at 
no time was HF detected above the few hundred ppt detection limit. Due to the 
high toxic nature of HF and the high risk potential for the emergency personnel 
the TAGA was calibrated and tested daily with a certified HF gas mixture 
especially prepared for this situation. 

- 303 - 



In conclusion, the TAGA unit has proven to be a very versatile analytical 
tool for monitoring a variety of volatile industrial wastes. Undoubtedly the uses 
of the TAGA will expand as the data base grows through the field survey 
programmes, as well as our continuing research and development efforts. 
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Figure 4. Three plume cross-sections taken betv^een 5:30 and 6:30 

ON iNoVEiMBER M, 1979. 
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ABSTRACT 



A classical air pollution episode occurred on November 13 to 15, 19S1. 
A high pressure system remained above and around Lake Ontario 
throughout the episode. Stagnant wind conditions and strong 
temperature inversions resulted in little vertical mixing and poor 
dispersion of air pollutants. The Air Pol lution Index (API) in 
downtown Toronto reached a three year high of 43. 

This episode was unique in that the major industrial sources were not 
operating throughout the period. Excessive levels of suspended 
particulate matter, carbon monoxide, lead, and oxides of nitrogen were 
monitored and a strong diurnal pattern was observed. Sulphur dioxide 
concentrations remained low throughout the episode. High 
concentrations of various pollutants were also detected in other urban 
areas around Lake Ontario. It was concluded that the elevated 
pol lutant levels resulted more from local sources than long range 
transport. Automobile emissions were the major contributors. 
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1. INTRODUCTION 



On Friday, November 13, 1981, the Air Pollution Index in Toronto as 
measured at Station 31104 (26 Breadalbane Street) rose rapidly from 22 
(1400 to 1600 EST) to the Air Advisory Level of 32 at 2200 EST. It 
exceeded 32 on Saturday, November 14, 1981 at 0000 EST and reached a 
maximum of 43 between 0500 and 1300 EST. 

The Index remained above the Air Advisory Level for 30 hours but did 
not reach its First Air Pollution Alert of 50. On Sunday, November 
15, 1981, the Index dropped below 32 at 0800 EST and further to below 
20 at 1900 EST. 

The Air Advisory Level of 32 was exceeded on two other occasions in 
1981. The first occurred on October 15, 1981 between 2000 and 2200 
EST. A maximum index of 35 was recorded. The other episode lasted 
for approximately 13 hours with a maximum index of 37. It occurred 
between 1600 EST on November 5, 1981 and 0400 EST on November 6, 1981. 

In 1981, the Toronto Index has never reached the First Air Pollution 
Alert of 50. 
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2. BACKGROUND 

-■ ^ Air Pollution Index (API) 

The Ontario Air Pol lution Index value is related to the hourly 
sulphur dioxide concentration and soiMng index of suspended 
particulate matter, as given by the expression: 

API = 0.2 [126.0(502) + 30.5 (COH)]^'^^ 

The design of the above equation and information on the Air 
Pol 1 ut ion Alert System can be referred to the FACTS publication 
in Appendix A. 

2. 2 Meteorological Aspects of Air Pollution 

Examination of the meteorological data indicated that the 

November episode resulted from stagnant wind conditions and 

strong temperature inversion which prevented dispersal of 
suspended particulate matter. 

When the lapse rate (decrease of temperature with height) is less 
than the abiabatic (atmospheres with lape rates of about 10°C 
ki lometre ) , the air is said to be stable because vertical 
motion is damped. An inversion occurs when the temperature 
actually increases with height, resulting in strong stability ana 
very little vertical mixing. 
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3.0 AIR QUALITY ASSESSMENT 

3. 1 Air Pollution Index - Sulphur Dioxide and Soiling Index 

The Toronto air pollution index rose to the Air Advisory Level of 
32 in the early morning of November 13, 1981 and continued to 
exceed the desirable criteria for approximately 30 hours. 
Similar trends were observed at most major air monitoring 
stations along Lake Ontario. 

Figure 1 illustrates the API recorded at Hamilton, Oakville, 
downtown Toronto, Toronto east and Oshawa. Al 1 displayed a 
simi lar peak on November 14, 1981 with the exception of the 
Oakville station (Bronte Road/Woburn Crescent), whose index never 
surpassed 20. 

Sulphur dioxide (SOp) levels were low throughout the episode 
(Figure 2) and did not exceed both the hourly and 24-hour average 
criteria (0.25 ppm and 0.10 ppm, respectively). 

However, the soiling index at Station 31104 (downtown Toronto) 
exceeded the 24-hour desirable ambient air quality criterion of 
1.0 COH/1,000 ft. The 24-hour average were 1.3 and 1.4 COH/1,000 
ft. on November 13 and 14, 1981, respectively. 

High values of soiling index were also detected at other 
continuous monitoring stations. Very similar trends were 
recorded as i llustrated in Figure 3. Again, levels at Oakvi 1 le 
were substantially lower than the remaining major stations. 



3. 2 Carbon Monoxide and Oxides of Nitrogen 

The carbon monoxide (CO) concentrations monitored at 26 
Breadalbane Street during the episode were higher than normal 
(2-3 fold) but far below the hourly and 8- hour criteria. The 
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maximum 1-hour, 8-hour, and 24-hour average levels were 13 ppm 
(2300 EST, November 14, 1981), 8 ppm (2000 EST, November 
14 - 0200 EST, November 15. 1981). and 6 ppm (November 14. 1981). 
respectively. 

However, the CO level as measured at a street canyon and traffic 
corridor station (381 Yonge St. , downtown Toronto) exceeded the 
1-hour criterion of 30 ppm on one occasion (47 ppm at GOOD EST, 
November 15, 1981). The 8-hour criterion of 13 ppm was also 
exceeded during the episode. A concentration of 21 ppm was 
monitored between 2000 EST November 13 and 0300 EST November 14, 
and 27 ppm during the same time period on November 14-15, 1981. 

For oxides of nitrogen (NO ), the 24-hour average concentrations 
were 0.20 and 0.31 ppm respectively on November 13 and 14, 1981. 
higher than the monthly average of 0.075 ppm by 3-4 folds. The 
nitrogen dioxide (NO^) levels did not exceed both the hourly and 
24-hour average criteria of 0.20 ppm and 0.10 ppm, respectively. 
However, hourly nitric oxide (NO) concentration exceeded 0.20 ppm 
nineteen times over the episode, mostly late at night and in 
early mornings. 



3. 3 Hi-Vol and Dichotomous Filters 

Hi-Vol and dichotomous filters were collected at the API station 
and analyzed for total suspended particulates and heavy metals. 

Table 1 summarizes the total suspended particulates (TSP) and 
lead (Pb) levels across major hi-vol stations in Metropolitan 
Toronto. TSP concentrations on both November 13 and 14. 1981. 
exceeded 24- hour average criterion of 120 ug/m^. Lead 
concentrations, although did not exceed the 24-hour criterion of 
5 ug/m^ (except Station 31082 : 5.3 ug/m-), were substantially 
higher than normal. 
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Dichotomous sampler collects suspended particulates under 15 
microns in size. The filter further separates the particles into 
coarse (2.5 to 15 microns) and fine (under 2.5 microns) portions. 
Data from during the episode is presented in Table 2. The total 
particulates collected on November 13, and 14, 1981 doubled the 
average concentrations as measured from the September 1980 - July 
1981 study. The high fine particle level on November 14, 1981 
might indicate a higher than normal lead concentration. 

On November 13 and 14, 1981, the dichotomous sampler collected 
about 60% of the total suspended particulates as measured by the 
hi-vol. Dichotomous data also correlated well with soiling index 
in previous Studies. 

3.4 Trend Across Air Monitoring Network 

Figure 4 through Figure 9 illustrate the various air quality 
trends at different major continuous air monitoring stations. 
Examining the concentrations of several pollutants at the Toronto 
API station (31104) in Figure 4 indicated that the soiling index 
was the major factor in the high Index. Although sulphur dioxide 
and carbon monoxide levels were wel 1 below the desirable 
criteria, they, along with total hydrocarbon, showed extremely 
similar peaks during different stages of the episode. 

The other two major Metropol itan Toronto- stations, 
Kennedy/ Lawrence in Scarborough (33003) and Evans/Arnold in 
Etobicoke (35033) detected comparable pollutant levels as shown 
in Figure 5 and 6, respectively. Ambient temperatures measured 
at both stations were in extreme agreement with each other. 

The Ritson Road station in Oshawa (45025) showed similar air 

quality patterns (Figure 7). The soil ing index, however, had 

higher maximum than the other stations but for a shorter time 
interval . 
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The Oakville station (44015) was the only location among others 
whose API did not reach 32. In fact, it never surpassed 20 as 
shown in Figure 3. The various pol lutant levels were low as 
expected. 

A quick scan at the downtown Hamilton station (29025) in Figure 9 
demonstrates that the soiling index was rather consistently high. 
Consequently, the API fluctuated to a lesser degree than the 
Toronto stations. 

3. 5 Sources of Episode 

3.5.1 - Automobile Emission 

In addition to the poor dispersion of air pollutants due to the 
strong temperature inversion and stagnant wind conditions, one of 
the major sources of the episode is vehicle emission. 

Higher than normal carbon monoxide (CO) levels were detected at 
Yonge/Gerrard Streets in downtown Toronto. The 8-hour criterion 
of 13 ppm was exceeded twice during the period 2000-0300 hours. 
The 3-hour average was 21 ppm for the November 13-14 time period 
and 27 ppm for November 14-15. 



Automobile exhausts, among others, dre major sources for the 
oxides of nitrogen (NO ) and 1 
these pollutants were recorded. 



oxides of nitrogen (NO ) and lead. Increased concentrations of 



Traffic volume in the downtown core (Figure 10) was high during 
the episode due to such activities as Christmas shopping and 
sporting events. The 1981 traffic data for the downtown Cordon 
(Table 3) showed that the total number of vehicles per weekday is 
approximately 150,000, both for inbound and outbound traffic. 
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3.5.2 - Industries 

As the episode occurred on a weekend, most industries were either 
shut down or operating at a reduced rate, as in the case of 
Ontario Hydro and the Metro incinerators. A few others were 
running on natural gas. 

Ontario Hydro, a key contributor to sulphur dioxide (SO2) levels 
in the Metropolitan Toronto area (approximately 70%), was 
operating at reduced dates. Lakeview Generating Station had two 
units down and Hearn Generating Station was not operating. Metro 
incinerators such as Commissioner Street and Dufferin Street were 
shut down as well. Consequently, low SO2 levels were monitored 
throughout the episode. 

Several contributing sources, which included Maple Leaf Mills, 
Bishop Building Materials, and the University of Toronto, were 
not in operation. Some others such as Kodak, Canada Packers, 
Canadian Forces Base, and the Toronto Hospital Corporation were 
on natural gas. Thus, their contribution appeared to be 
insignificant. 

3.5.3 - Long Range Transports 

A wind trajectory for the southern Great Lake Region is presented 
in Figure 11. A sweeping wind pattern, along the south shores of 
Lake Ontario and Lake Erie, was observed. Although a long range 
transport of certain air pollutants appeared prominent, the low 
sulphur dioxide levels across the monitoring network has 
suggested otherwise. 

Moreover, the API at Oakville never exceeded 20 and 
concentrations of other pollutants were low as well. Thus, 
localized sources might have played a more significant role than 
long range transport. 
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4. Meteorological Data Analysis 

4. 1 Surface Weather Map 

Stagnant wind conditions and a strong temperature inversion were 
major factors in this air pollution episode. Inspection of the 
surface weather maps from November 12 to 15, 1981 (Appendix B) 
indicated there was a constant high pressure system over the Lake 
Ontario region. 

On November 13 and 14, 1981, there was very little movement of 
the high pressure system' s centre. Windspeed had decreased 
significantly from the 12th and wind conditions became stagnant, 
resulting in little or no dispersal of air pollutants. 

On November 15, 1981, a low pressure system began to move in from 
the east coast. Wind velocities were increased which enhanced 
the dispersal of contaminants. 

4. 2 Roles of Wind & Temperature 

Examination of the hourly wind data from various meteorological 
stations indicates very little moveme.nt at the first/lower level. 
The wind conditions in Toronto and Hami 1 ton were stagnant, 
particularly at the level one (33-40 feet). It was mor-e 
prominent at the Oshawa station, resulting in a prolonged period 
of high Soiling Index readings with little fluctuations. 

On the other hand, Oakville experienced a shorter period of low 
wind speed, thus resulted in slightly better scattering of air 
pel lutants. 

Difference in temperature is illustrated in Figure 12 for the two 
Toronto stations. Both displayed similar peaks and troughs. The 
peaks occurred when temperature actual ly increased wi th height 
and the troughs were results of a lake breeze effect. 
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Plotting the temperature data from Etobicoke and the CN tower 
against height (Figure 13), shows that temperature tends to 
increase with height. Inversions occurred at approximately 300 
feet and 1500 feet. 

A similar temperature pattern was observed in Buffalo (Figure 14) 
where an inversion took place at approximately 2000 feet. 
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b. Conci usions 

The November' 13-15, 1981 air pollution episode re:^iilted from 
strong temperature inversions and stagnant wind conditions. 
These are unfavourable yet uncontrollable weather conditions 
which provide very little vertical mixing and ooor dispersal of 
air pol lutants. 

Major industrial sources were not operating during the episode. 
Localized sources such as automobile emissions appeared to be the 
main contributors. Higher than normal carbon monoxide, lead, and 
oxides of nitrogen levels were detected. 

Suspended particulate matter rather than sulphur dioxide played a 
major role in the high air pollution index (API). The API 
exceeded the Air Advisory Level of 32 for a total of 30 hours, 
but never reached the First Air Pollution Alert of 50. 



- 323 - 



FIGURES 
1 TO 14 



- 324 - 



Figure 1 

AIR POLLUTION INDEX (NOVEMBER 13-15/81) 

32 AIH ADVISORY LEVEL "" 



OSHAWA 
^5025 



{EAJ5T) 
33003 



TORONTO 

(DOWNTOWN) 

31 104 



OAKVILLE 
440 IS 



HAMILTON 
2902S 



50 


















40 ^ 








. J 








i 


30 - 






r^ 








^9 






:o ' 


, f 


r- 


J ^~^^ 














10 - 


J 














DATA UNAVAILABLE 

























50 


















40 - 












-u_ 


f-t 






r-' 


1 






30 - 




, r^ 


_r^ 


r- 










% 


20 - 




^ 


10 - 


-^ 


J 












^ 





















so 


















40 - 


y 


1 






1 


[ 










30 -• 






j" 








^ 




20 - 






^ 








^-^ 


-) 


10 - 


rf 


-r^ 












\ 





J 
















50 


















40 - 



















30 - 
















?0 - 


^ 


^ 






.^ 














10 - 








— ^^ 






""S_ 





















50 


















40 - 










^J- 














' ; 


30 J 








f- 




_r^ 








^ 




1 1 


20 - 


—^ 












- 




10 - 





































c 
o 

3 


O 

o 
o 


o o 


: 0090 
0000 


o 
o 

CM 


o 




o o o o 

o a o o 
o » c^ a 

O 3 - - 


o 

o 
o 

o 








NOVEMBER 13 


14 






^< 


MS 1981 





- 325 - 



Figure 2 

SULPHUR DIOXIDE 
NOVEMBER 13-15/81 
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Figure 3 

SOILING INDEX-COEFFICIENT OF HAZE 
NOVEMBER 13-15/81 
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Figure 4 

AIR POLLUTION TRENDS AT STATION 31 104- NOVEMBER 13-15/81 

26 BREADALBANt ST^ DOWNTOWN TORONTO 
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Figure 5 
AIR POLLUTION TRENDS AT STATION 33003-NOVEMBER 13-15/81 

KENNEDY ROAD/LAWRENCE AVE., SCARBOROUGH 
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Figure 6 

AIR POLLUTION TRENDS AT STATION 35033-NOVEMBER 13-15/81 
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Figure 7 
AIR POLLUTION TRENDS AT STATION 45025-NOVEMBER 13-15/81 

RITSON ROAO/OL^VE AVE.. OSHAWA 
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Figure 8 
AIR POLLUTION TRENDS AT STATION 44015-NDVEMBER 13-15/81 

BRONTE ROAD/WOBURN CR.. OAXVILLE 
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Figure 9 
AIR POLLUTION TRENDS AT STATION 29025-NOVEMBER 13-15/81 

BARTON/WENTWORTH. DOWNTOWN HAMILTON 
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Figure 11 Wind Trajectory for Southern Great Lakes Region 
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Figure 12 

VERTICAL TEMPERATURE DIFFERENCE (*C) 
(NOVEMBER 13-15/81) 
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Figure 13 Temperature Inversion Plot 
-Toronto 
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Figure 14 Temperature Inversion Plots - Buffalo 
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Figure 14 (Cont'd) 
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Figure 14 (Cont'd) 
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Table 1: Hi-Vol Data During API Fpibode (November 13-lb, 1981) 

Station Nov. 12/81 Nov. 13/81 Nov. 14/81 Nov. 15/81 

Address TSP tead TSP tead TSP Lead TSP tead 

26 Breadalbane, Toronto 40 0.2 125 2.1 113 2.3 44 0.7 

Mosley/teblie, Toronto 77 0.7 198 4.7 139 4.0 70 1.2 

17 Berkshire, Toronto 55 1.5 - - 141 ^.0 66 1.3 

633 Eastern, Toronto 62 1.2 142 2.7 99 2.7 58 1.2 

138 Hamilton, Toronto 54 1.2 184 5.3 129 4.6 64 1.8 

65 Saiilter, Toronto 77 0.4 154 2.8 115 3.3 70 1.4 

Bathurst/Niagara, Toronto 132 0.8 235 2.6 239 3.6 134 1.4 

Tecumseh/Niagara, Toronto 56 2.3 109 2.1 155 3.6 57 1.1 

Dufferin Street, Toronto 43 0.5 42 0.6 157 4.6 68 1.6 

Lakeshore, Etobicoke 73 0.9 133 2A 129 3.5 45 - 



Station No. 
(Survey) 


31104 

(API) 




31058 
(Can. 


Metalb) 


31U64 
(Can. 


Metdls) 


31065 

(Can. 


Metals) 


31082 
(Cafi. 


Metals) 


31084 
(Can. 


Metals) 


31018 

(Tor. 


Refiners) 


31085 
(Tor. 


Refiners) 


31079 
(Presi 


tolite) 


35037 

(Arrov/head Metal s ) 



Average 67 1.0 147 2.8 141 3.6 68 1.3 
Note: TSP = Total suspended particulates 



Table 2; Oichotomous Data During Air Pollution Episode - Nov. 13-15, 1982 
26 Breadalbane Street, Toronto 



Date 






Fine 

<2. 


! Particulate 
5 u (ug/m^) 

5.8 


Coarse 
2.5- 


Particula 
15 u (ug/ir 

11.5 


,tes 
1^) 


Total 


Particulates 
(ug/m^) 


Total Suspended 

Particulate 
(Hi-Vol) (uq/m3) 


Dichotomous/ 
Hi-Vol Ratio 


Nov. 12/81 




17.3 




Nov. 13/81 








31.3 






36.5 






67.8 


125 


0.54 


Nov. 14/81 


7: 


38 




48.8 






29.0 






77.8 






Nov. 14/81 


16: 


22 




44.8 






28.5 


- 




73.3 







4^ 



^Average Concentration 
(from Sept. '80 - July 
'81 Study at 67 College 
Street, Toronto) 



15.8 



17.9 



33.7 



58 



0.58 
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TABLE 3 














TRAT r IC 


AND PASSENGER VOLUMfb 


CROSS 


ING CORDONS AND 


SCRtENLiNES 








miARI EMLV 


6 30 


A M 


TO 1 1 


30 P 


M ON A 


TYPICAL 


WEEKDAY 










198 1 TRAFFIC 


DATA 


LIST ING NUMBER - 4 - 










PRVIE 


T A K 1 


T tC 


UIHM 


L 16MI 


MDIM 


lEAVV^" 


lUI AL 


AUTO 


CABS 


T T C 


• c « n N • 


• liOUND ENOG 


AUIOS 


CAUS 

» * * « 


BUS 

* • • 


BUS 

• * • 


TRUCK 


TRLK 


TRUCK 


VEH S 


PASS. 


PASS 
• • • • 


PASS P 


OOWNIOWN CORE 


INBUUND 6-15 


704 


40 


6 


8 


12 1 


5 


47 


102 1 


1044 


61 


42 




70U 


10<J/ 


62 


7 


a 


162 


6 


57 


1399 


1449 


97 


83 




715 


139G 


GB 


1 1 


22 


207 


14 


63 


1781 


1864 


99 


99 




730 


1823 


66 


12 


13 


195 


14 


64 


2207 


244 2 


96 


153 




7.15 


2093 


105 


16 


20 


194 


M 


87 


2529 


2040 


161 


178 




GOO 


2456 


1 19 


14 


24 


215 


20 


03 


29 3 1 


3355 


193 


197 




815 
830 


2/97 


126 


15 


2 1 


176 


1 1 


1 12 


325B 
35 27 


3024 
4 106 


223 
26 t 


307 


'2080 


156 


16 


24 


210 


14 


127 


39 7 




eJ5 


3 196 


205 


15 


39 


. 238 


1 4 


127 


3034 


4289 


329 


232 




900 


3123 


22 7 


16 


IB 


253 


8 


12 1 


3766 


404 5 


371 


4 14 




- 9 15 


21139 


222 


15 


25 


203 


19 


160 


3563 


3555 


359 


283 




930 


2 364 


254 


15 


15 


266 


23 


149 


3086 


3030 


409 


176 




9. 15 


2 140 


23G 


10 


29 


295 


21 


161 


2892 


2659 


327 


105 




1000 


2 150 


260 


7 


25 


325 


12 


107 


2 90 2 


28 17 


4 IB 


66 




1015 


196 1 


230 


10 


24 


337 


19 


156 


2745 


2532 


347 


1 14 




l0:iu 


lfiG2 


2 13 


7 


lU 


266 


19 


140 


2533 


2 4 6 2 


324 


14b 




10.15 


18 12 


192 


12 


2 5 


297 


2 4 


170 


2532 


2 357 


280 


1 17 




I lOO 


1065 


215 


7 


30 


299 


21 


152 


2509 


2465 


334 


147 




11 15 


Itl32 


2 17 


8 


19 


310 


2 1 


170 


2585 


2423 


30S 


lOO 




1 I 30 


19 37 


232 


7 


10 


307 


20 


170 


269 1 


2642 


325 


1 14 




11 .1 5 


2002 


233 


10 


32 


286 


2 1 


157 


274 I 


2663 


335 


1 1 1 




1200 


2034 


24 1 


1 1 


22 


265 


12 


126 


27 1 1 


2 7 19 


372 


96 




12 15 


I94H 


2 33 


10 


18 


275 


14 


153 


265 1 


265 7 


350 


158 




1230 


1/90 


25/ 


7 


19 


233 


?(. 


133 


24G5 


2493 


356 


1 17 




12'15 


1 1 36 


220 


12 


4 1 


2 35 


18 


132 


2394 


2393 


301 


151 




130*1 


U.5 7 


2 4 9 


7 


2 1 


2 26 


13 


127 


2 300 


^•377 


363 


UO 




13 15 


102 3 


234 


7 


19 


290 


9 


14 1 


2523 


27 17 


356 


77 




1330 


1 /6 1 


7-12 


9 


10 


2HO 


25 


155 


2493 


259/ 


392 


139 




134 5 


30 1 / 


2 50 


9 


26 


2B5 


20 


14 7 


2/54 


2067 


36 1 


157 




1400 


192 1 


236 


8 


17 


209 


1 2 


149 


26 35 


2609 


357 


131 




14 15 


190G 


2 IG 


7 


33 


309 





159 


26 38 


2G47 


333 


1 10 




10 30 


in3'1 


227 


7 


14 


3 19 


15 


152 


2560 


25 14 


341 


130 




1 4 «t 5 


1 904 


2 34 


10 


29 


305 


15 


127 


2624 


2629 


35 1 


150 




150O 


Hi 4/ 


233 


8 


14 


272 


11 


139 


2527 


2509 


359 


134 




15 15 


r/oG 


249 


1 1 


10 


239 


20 


120 


2355 


2 290 


335 


165 




1530 


1693 


250 


14 


12 


266 


17 


127 


2379 


2251 


354 


197 




15-15 


176 3 


225 


16 


19 


254 


10 


101 


2397 


2376 


304 


2 29 




i6r«'> 


1852 


255 


10 


12 


223 


1 7 


66 


2-443 


25 10 


300 


340 




16 15 


1082 


200 


15 


20 


227 


14 


10 


2436 


2529 


284 


3 29 




tG30 


IB60 


200 


15 


23 


100 


21 


62 


23/7 


2 4 05 


294 


26 7 




1G45 


2 179 


225 


14 


27 


19/ 


20 


50 


2720 


3014 


344 


32 2 




17 OO 


2 I30 


256 


1 / 


3 1 


162 


9 


56 


266 1 


2960 


37 4 


251 




17 15 


2 175 


2 74 


7 


2 5 


154 


5 


4 


2688 


2990 


360 


204 




17 30 


2 209 


296 


10 


22 


13 1 


5 


45 


27 18 


3 114 


401 


194 




17-15 


192 3 


316 


9 


19 


130 


12 


18 


2435 


2702 


4 30 


160 




taoo 


195 2 


273 


14 


17 


IJQ 


10 


20 


2432 


2003 


37 1 


1 19 




tfl 15 


I7-J 1 


223 


8 


20 


12 1 


5 


2 ' 


2 100 


2662 


309 


HO 




1B30 


167 1 


232 


8 


14 


133 


1 1 


" 


2090 


2497 


34 1 


6 1 
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C 0-BUS ST-CAR SUBWAY GO-TRN TOTAL 
PASS PASNGH PASNGH PASNGR PASSNGH 



U1 



52 
49 
91 
73 

1 10 
170 
197 
181 
224 

2 14 
117 

52 
223 
286 
242 
163 
372 
368 
353 
2 20 
24 S 
34? 
2 70 

2 /O 
375 

3 50 
105 

07 

36 7 

91 

3 GO 

too 

JGO 
103 
109 
1 14 
32G 
102 
298 
259 
607 
61 / 
533 
324 

4 14 
350 
442 
125 



516 

531 

6 50 

99 1 

1077 

1 106 

1292 

12 58 

1667 

1246 

1112 

500 

4 19 

4 50 

3 13 

34 9 

420 

377 

303 

32 1 
306 
272 
287 

33 2 
379 

3 I H 
'j 16 
38 3 
30 1 
41.0 
360 

34 3 

4 7'i 

3 14 

5 14 
55 I 
633 
723 
776 
5 74 
004 
05 6 
794 

1072 
462 
590 
50I 

4 31. 



1372 
1400 
2396 
3603 
4 006 
7372 
6542 
10139 
7 6 20 
954 6 
7042 
3606 
30G3 
2005 
1368 

1 107 
1G37 
196 7 

777 
1026 
12 35 
2266 
12 36 
190 2 
12 34 

12 78 

2 193 

13 14 

1 166 

2 153 
0/3 

1 /OH 
126 2 
130 3 
1473 
10J9 
1995 

2 4 30 
2 7 25 
2 5 20 
388 7 
3302 
2702 
2555 
1526 
1 19 1 
1 103 

B 15 



174 

240 

1373 

37 1 

999 

4 2 38 

G 147 

10 70 

2 162 

2273 

GO I 

7'-' 

307 

195 

2G6 

1C3 

208 

149 

2(»2 

1 12 

1 11 

70 

9 1 

91 

I03 

/ 1 

15 
13 I 

30 
12 I 

30 
170 



T7r. 1 

\\h \ ■ 

65 7;' 

7 7 29 

1010/ 

1G7 I I 

10 5 1 2 

182?f' 

1652 t 

10 10'' 

13 1/1 

/0 7 

■ ,'w;' 
5-'2 

4 Vi •> 

5 "Of, 
',r '.ft 

4 60/ 
46 18 
50'jM 
GO(. / 
',. 1 1 I 
ij • , • , J I 

10H2 
IV'.H, 

t..' H 
1'' I . 

' .1. I 

50 ; 

-I'lC 

5 3 1' 
5 \i • 
-I'M 



■ './ '1 

53!" 


S'l". 1 


657 ■ 


704 1 


6 I'l'i 


f|i )'. ,' 


O'l 1 ' 


; / : ' 1 


;r.<. 
■ .'» 1 



540 1 
5 2 If 
427'. 



Table 3 (Cont'd) 



TRAFFIC AUD PASSfNOtW VOLUMES CROSSIN<". CORDOMS AND SCRfENIINfS 

QUARTERLY 6:30 & « TO 11:30 P M On A IVPICAL WffKOAY 

1981 IRATflC DATA LlS'INIi rJUMtJtR - 4 ^ 



• <. IJ B n O N • • BOUND 



TIME 



PRVI F 
AUTOS 



TAVI 
CADS 



TIC 
DOS 



OTMR 
UHS 



LlGHt 
TRUCK 



HDIM 
IRCK 



HEAVY 
TRUCK 



TOTAL 
VIM S 



AUTO 
PASS 



CAMS 
PASS 



T T C 
PASS 



0-HU5 
PASS 



ST -CAR 
PASN(;R 



SUBWAY 

rASN<;n 



no T RN 
('AS'K.I? 



TOT Al 
PASSfJ'-.R 



luiwfiiowrj coRf 



INIIUUNO 






INBOUND 



18^5 


15*IH 


237 


7 


16 


1 13 


4 


27 


2<X'2 


2534 


365 


93 


145 


20 3 


1209 


4 1 


1900 


1 J^t9 


209 


5 


1 1 


101 


9 


24 


1 /5B 


223G 


324 


7 8 


140 


3b0 


76 1 


7 


1915 


1280 


i5 1 


6 


13 


9-1 


5 


13 


1G63 


2 171 


357 


53 


193 


240 


CO 3 


90 


19:)0 


1295 


237 


3 


1 1 


94 




15 


1G5G 


2374 


355 


7 4 


51 


2 65 


034 




19.1?) 


rj 8 J 


2.17 


3 


13 


OO 




1 1 


17 40 


3548 


30 7 


4 8 


lOO 


34 1 


57 7 


6 7 


30O0 


noj 


231 


4 


8 


87 




6 


164 I 


3385 


J69 


3/ 


24 


197 


4^6 




?0 1 'J 


1 1 19 


210 


3 


10 


69 




10 


14 22 


1895 


394 


3 7 


82 


19t 


424 


,52 


2030 


95H 


2 3.1 


2 


9 


65 




13 


1282 


1661 


330 


4 


144 


140 


17 1 




20-1 b 


9(1 1 


2 26 


5 


G 


62 


3 


9 


1395 


IG70 


32 1 


31 


35 


160 


514 


23 


2 too 


B80 


224 


3 


5 


4 9 


3 


12 


1 176 


1536 


3 17 


10 


1 1 


194 


30 7 1 




2 1 IT) 


!M5 


195 


3 


9 


55 


2 


5 


1 1 14 


1487 


248 


18 


87 


21 1 


370 


33 


2 IJO 


(3 52 


220 


3 


1 1 


'jO 


4 


9 


M4H 


14 65 


3 2(1 


15 


8G 


123 


350 




2 1 -1 'j 


8 7 6 


302 


•1 


1 1 


Vb 


2 


7 


I 1 /H 


t4G5 


2G 1 


Mi 


150 


205 


24 4 


25 


2200 


851 


2 17 


2 


5 


59 


1 


7 


114:' 


1534 


3 39 


10 


67 


147 


2 74 




22 lb 


nil 7 


232 


3 


5 


4 


■J 


A 


1 18 1 


159 4 


337 


23 


10 


99 


ine 


76 


7?30 


no7 


22-1 


3 


G 


^>H 


2 


6 


1 10G 


14G3 


302 


28 


67 


208 


250 




2 2-15 


fit J 


208 


3 


7 


52 




10 


1 153 


153? 


305 


29 


1 13 


130 


192 


4 t 


2 'JOG 


802 


2 16 


2 


2 


It. 


C 


10 


10H4 


IjnfJ 


331 


29 


4 


13 2 


180 




2315 


7 50 


206 


2 


2 


4G 


2 


7 


1015 


1298 


325 


12 


G 


1 10 


109 


47 


3330 


T01 
I 15950 


104 
14GC6 


2 

59 1 


1 

1 100 


:, ^" 

12730 


5 

782 


4 
5506 


9 35 


123G 

165232 


2 89 

2 16 17 


17 

8 8 5 5 


3 
I3G33 


B3 
33 25 3 


2 26 
13 9G8G 






15 14U5 


3 3 98 7 



■)(, 70 
3 906 
3 7 06 
J (I 5 3 
3 96 8 
3 3 58 
29 7 5 
2 4 50 
3/54 
2 16 3 
24G2 
2 2 6 7 
2 3 80 

2 W 1 
2)27 
33.'b 

3 3 50 
306 2 
1937 
18 5 6 

40b J 63 






1 «nr r IC ANftl T "i 1 S 


1 At't f lit 












Table 3 (C 


ont'd) 
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1 






TRAf r IC 


AND TASStNGER VOLUMES 


CROSSING CORDONS AMI 


SCREE NL INCS 


















QUARTERLY 


6:30 


A M 


TO 1 1 


: 30 P . M ON A 


r ypu:ai 


WEEKDAY 




















1981 TRATFIC 


DATA 


LI ST ING NUMBER - 4 - 
















_> - --^^.. - 





'Pf/VIE~ 


TAX I 


^tTc~ 


DTim' 


1 1 nil r 


MdlM~" 


ME AVV 


TOI AL 


Auio 


CAOS ' 


T f "c d 


nijs ST -car" 


SUtiwAY 


Gi3-TWN " 


fOTAl 






• c M rj • 


• tSOUNn fNIKl 


AUI05 


CABS 
» • • • 


BUS 


nus 

* * * 


TRUCK 


TRCK 


TRUCK 


VEH.S 


PASS 


PASS 


PASS PASS PASNCirJ 


t'ASNCW 


PASNGR 


'AS"- NOR 


DOWNIOWtJ t(l«E 


oumnurJD o-'"-. 


-130 


3 2 


7 


5 


8 3 


2 


33 


600 


56 1 


4 7 


5 7 


23 


2 4 1 


500 


5G 


14 8'". 




7O0 


G2U 


39 


7 


10 


1 10 


5 


45 


044 


79 1 


54 


G1 


29 


392 


335 


23 


IGO-I 




7 I'i 


831 


G3 


1 1 


14 


1 17 


3 


65 


1 104 


1047 


OG 


t 14 


4G 


500 


475 


53 


2 32 1 




/no 


1 107 


GO 


1 1 


14 


170 


e 


50 


1420 


1395 


92 


03 


40 


583 


553 


5G 


3P02 




7 IS 


17fl-l 


10J 


1 1 


18 


142 


14 


63 


1635 


1G26 


148 


105 


13G 


970 


rp.B 


70 


3 7 7 3 




RlJn 


15 GO 


» 17 


10 


20 


153 


10 


7 1 


1949 


194 3 


K-5 


107 


59 


093 


1392 


- 


4 630 




B 1^. 


1607 


14 4 


15 


23 


16 1 


13 


93 


3055 


19G2 


198 


140 


99 


7 79 


1860 


31 


50G9 




nriu 


17 5 1 


19H 


18 


15 


16 1 


14 


90 


2247 


2 IMG 


276 


265 


14 1 


683 


3 259 




5009 




fM', 


1 7 1 


1 7 4 


14 


29 


164 


12 


95 


2 190 


306 3 


3 36 


142 


3G9 


550 


17 04 


50 


5003 




;i(K) 


1G(;9 


IM9 


17 


23 


160 


10 


0/ 


2 175 


19Fi4 


2G(, 


152 


194 


59 1 


1040 




■1 2 7 7 




*) 1 ',. 


lSf.3 


229 


18 


3 4 


215 


14 


1 15 


2 100 


104 7 


32 7 


G4 


339 


493 


505 


3 I 


168'- 




93n 


14 13 


270 


13 


26 


194 


19 


106 


199 1 


1 /3H 


312 


16/ 


340 


263 


679 




3 39" 




9J5 


129D 


223 


1G 


17 


256 


13 


120 


194 3 


1500 


333 


150 


165 


4 0G 


458 


46 


3 IJi 




lOOO 


1353 


205 


1 I 


28 


242 


27 


142 


2008 


1G7 I 


29 1 


157 


348 


2 16 


515 




3 I*""" 




10 If) 


13 19 


223 


10 


30 


246 


20 


135 


1973 


1600 


317 


140 


494 


317 


402 


54 


1 IC I 




lono 


13G2 


215 


8 


20 


288 


IG 


139 


2048 


1752 


300 


13 1 


156 


320 


7 34 




3 3M ; 




lO-lS 


1-156 


196 


9 


17 


27G 


15 


IGG 


2 135 


19 14 


2!J 


99 


131 


2 10 


534 


B4 


3-''l*. 




t lOO 


ir.oo 


208 


1 t 


20 


272 


24 


136 


2251 


2059 


394 


137 


331 


3 14 


730 




3/'''-' 




I 1 1^ 


1775 


238 


9 


15 


297 


19 


170 


2523 


232 1 


34 9 


1 17 


136 


2O0 


640 


24 


3 r<i\- 




1 1 )0 


1G96 


223 


10 


22 


313 


2 t 


10O 


2464 


2251 


314 


103 


27 7 


y^)2 


36 1 




3r, /O 




I 1 <l f, 


1 773 


2 19 


8 


17 


322 


17 


1&H 


2524 


2333 


3 18 


134 


70 


34 t 


1 192 


93 


4 .1 M 1 




1200 


in95 


263 


9 


2 4 


2 7 6 


25 


148 


2640 


2502 


4j5 


1 37 


4 34 


3 64 


107 5 




.1 M 1 ; 




«215 


inoG 


24 4 





22 


2 33 


19 


144 


255G 


3584 


39 1 


106 


304 


432 


1064 


4 4 


■ I'll". 




12 30 


17 60 


202 


12 


15 


269 


2 1 


134 


2 503 


2474 


459 


1 '0 


179 


3 38 


1 151 




.1 /1. 1 




1215 


1039 


214 


10 


23 


24 7 


18 


99 


2450 


2500 


33 1 


129 


105 


346 


luno 


1 13 


.1 n 1 _■ 




1300 


17 44 


2 17 


n 


25 


24 4 


14 


131 


2384 


24 13 


334 


165 


240 


4 99 


730 




.1 .. ! 




1315 


1650 


? 1G 


10 


25 


?S9 


12 


1 15 


2267 


225-y 


3 35 


169 


26 2 


453 


I7R0 


/9 


', 1 1 




13.10 


1735 


229 


lO 


17 


24 8 


2 1 


131 


238 1 


24 3 2 


365 


20 1 


H7 


464 


/B 1 




1 1 i- 




13-15 


1(197 


730 


1 1 


22 


2'>3 


13 


132 


2558 


26-14 


34 5 


1'in 


3/6 


34 7 


I(.30 


1'./ 


5/1" 




1100 


ittg-i 


2 3G 


10 


17 


206 


13 


122 


3570 


260H 


-ti\A 


1 26 


150 


4 2H 


13/0 




.|'>M . 




M 15 


1070 


237 


1 t 


22 


29 4 


1 1 


14 3 


3587 


3632 


305 


334 


2 13 


4-12 


1520 


133 


55 ir- 




tJ^O 


207 3 


225 


9 


24 


277 


10 


1 15 


2 7 3 3 


30 W 


34 3 


18 1 


323 


4 65 


i-u^n 




5';.3v 




t.M^ 


190-1 


2 35 


10 


2G 


3 1 1 


13 


120 


27 17 


2 (. 9 fl 


3G2 


149 


193 


4-10 


9 1 / 


37 2 


StlJ 1 




tboo 


203 1 


2?2 


n 


18 


28 3 


16 


1 4.1 


2722 


30 11 


364 


9', 


154 


483 


2 (3 8 




G79'. 




15 15 


1U5fi 


2 36 


12 


/ 


2 /'. 


16 


104 


2 508 


3 4 99 


.110 


1 90 


39 


569 


19 3 7 


■J 14 


5 /Oil 




1530 


2078 


351 


1 1 


18 


25G 


M 


1 1 1 


2 7 39 


2 79 1 


3 53 


196 


339 


54 G 


3 3 20 




65 I'i 




IS-IS 


2026 


237 


16 


20 


3()2 


17 


9/ 


27 15 


3 '57 


353 


202 


404 


825 


26 16 


5 1 1 


;r.(.n 




IGOO 


209 1 


20? 


17 


19 


2 59 


19 


04 


2751 


2009 


399 


19G 


332 


643 


37 2 7 


452 
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Air pollution being such a topical subjeci, 1t is desirable for the public to 
have a day-to-day knowledge of pollution levels and be readily able to compar-e these 
levels with those reached during "air pollution episodes". It is well known that 
such episodes in the past, in other parts of tne world, have caused an increase in 
human sickness and mortality for people with respiratory problems. In Ontario, an 
Air Pollution Index (API) developed by the Air Resources Branch of the Ministry of 
the Environment, is used as a basis for action in an alert system to control or 
prevent an air pollution episode. 

Epidemiological studies have shown a relationship between the severity of health 
effects and the degree of air pollution as measured by concentrations of suspended 
particulate matter and sulphur dioxide. Altnouyh extensive oata was available for 
analyses of the concentrations of these pollutants during episodes, there was little 
information on the concentrations of other pollutants. It would seem desirable to 
have the Index as a function of concentration of all pollutants possible involved. 
The small amount of data available on other pollutants, however, was inadequate for 
determining their proper weights in an equation. Therefore, it was necessar-y at the 
time to consider only sulphur dioxide and suspended particulate matter in the design 
of Ontario's API. 

Several other areas have developea air pollution indices, many of them designed 
for particular purposes. A report by G.C. Thorn and W.R. Ott^ describes and assesses 
most of the air pollution indices used in the United States and Canada. 

Legislation in Ontario authorizes the Minister of the Environment to order any 
source not essential to puolic healtn or safety to curtail or shut down its operations 
when pollution levels are reached that could be injurious to health. To make possible 
the use of the Index as one of the oases of sucn control, it was designed to relate 
to pollution levels which could cause severe health effects like those during air 
pol lution episodes. 

The other basis of control is a meteorological forecast indicating the potential 
persistence of high pollution conditions. 

Sulphur Dioxide and Particu l ate Matter 

To determine whether sulpnur dioxide measurements could be used to indicate 
particulate matter, an attempt was made to correlate readings of SO2 and COH readings. 
The correlation coefficient between tne measured values was found to be quite low, 
especially during winter months when air pollution is an important factor in the 
development of an episode. Following are the correlation coefficients for each 
month: 

•^Nov = 0.29; "^Dec = 0.14; 

•"jan = 0.06; ""Feb - 0.31 
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A similar, poor relationship was obtained for daily average sulphur dioxide 
concentrations and high-volume sampler measurements. The low correlation indicated 
that sulphur dioxide cannot be used to indicate particulate matter, and the Index 
must be a function of both sulphur dioxide and particulate matter concentrations. 

Sulphur dioxide is measured directly by continuous analyzers and there is no 

difficulty in telemetering the levels of this pollutant from remote field stations to 
the Air Resources head office. 

The suspended particulate matter, however, presents a problem. At present there 
is no practical method of measuring the concentrations of this pollutant directly for 
the periods of time desired and telemetering the measurements so that they are known 
on a real time basis. 

At present, the techniques in Ontario involve the use of the Hemeon paper tape 
sampler and the high-volume sampler. The latter method provides concentrations in 
the desired units ug/m3. The sampler draws a large volume of air (approximately 85 
cubic metres per hour) through a filter paper for 24 hours. Measurements are obtained 
by weighing the filters in a laboratory before and after exposure. This data, however, 
cannot be telemetered on a real time basis. 

The Hemeon paper tape sampler can be set to provide hourly readings which can be 
telemetered. Air is drawn through a portion of a filter paper tape. The tape is 
automatically advanced to a new position after each sampling period. The fundamental 
basis of evaluating the sample is optical. The transmi ttance of light through both 
filter and deposit is compared with the transmittance through a clean portion of the 
filter. 

The difference in transmittance is converted into units of "coefficient of haze" 
(COH) per thousand linear feet of air passing through the filter. A COH unit is 
defined as that quality of light scattering solids on the filter which produces an 
optical density equivalent to .01 when measured by light transmission. 

It is obvious that the COH measurements will not only depend on the amount of 
particulates in the air deposited on the tape, but also on the size, shape, and 
opacity of the particulates. Each location will thus have a different relationship 
between the COH value measured and the true concentration of the particulates. 

With measurements of COH representing particulate concentrations in the equation, 
the Index will differ for each community. However, by the method of design, the 
significance of Index levels will be the same. With respect to the size of the 
particles obtained by the tape sampler. Dr. W.J. Ingram^ determined a high correlation 
with COH values and the number of particles in the size range affecting the respira- 
tory systems. 

The Design of An Index for Toronto 

The relationship between the high-volume sampler data and COH values was determined 
for Toronto, as graphed in Figure 1. For comparison purposes, the relationship as 
determined for a New York station by Dr. Ingram is also shown. 

For Toronto 

HI VOL = 240 (COH)"^^ where HI VOL = suspended particulate matter 
concentrations in ug/m^ 

COH = coefficient of haze/1,000 linear feet of air 
The correlation coefficient for the above relationship is .70. 
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Data for sulphur dioxide and suspended particulate matter during air pollution 
episodes was obtained from summaries of epidemiological studies given in references 
#3, #4. #5 and #6. The data plotted in Figure 2 indicates the variability of 
episode. An analysis of the data revealed the following pairs of values could be 
used as the threshold to a severe episode at which the Air Pollution Index is set to 
equal 100: 

1. Suspended particulates 600 ug/m which for Toronto is equivalent to 2.74 
COH and sulphur dioxide .13 ppm. 

2. Suspended particulates 500 ug/m equivalent to 2.24 COH and sulphur dioxide 
.25 ppm. 

Setting the equation for the Air Pollution Index as a function of the 24-hour 
average concentrations of SOp and COH as follows: 

API = A(COH} + BlSO^) (2) 

The weighting to be given to each pollutant may be determined by setting API at 
the threshold level of an episode equal to 100 and substituting the foregoing given 
pairs of values for the 24-hour average concentrations of COH and S0«. Equation (2) 
can be solved for A and B becoming: 



AP 



r = 30.5(COH) + 126.0(502) 



For a desirable scale the API was made to be an expotential function of API', 
that is, API = C Z^PI'J^ n 

API = C ^0.5(C0H) + 126.0(S02l7 (4) 

The levels of coefficient of haze and sulphur dioxide set by Ontario Regulations 
as objectives are 24-hour averages of COH at 1.0 and SO2 at .10 ppm. Setting API = 
32 at these levels provides a range of indices twice as great, that is, from 33 to 
100, for control action to take place than for the range of acceptable levels, to 
32. Substituting API = 100 for levels of COH and SO2 given above and API = 32 when 
COH = 1.0 and SO2 = -10 equation (4) can be solved for C and D to give the equation 
for the Air Pollution Index for Toronto as follows: 

API = .2 /r30.5(C0H) + 126.0(50217^'^^ 

Figure 2 shows the boundaries for API equal to 100 and 32 as well as for 50 and 
75. Figure 3 illustrates the levels of the Index and describes effects of the 
pollution during a number of episodes. High pollution levels persisted during these 
episodes for more than one day. Setting the Index at 100 based on 24-hour averages, 
provides a margin of safety for action to take place before the severe effects of air 
pollution can take place. 

The report by L.J. Brasser et al noted that the number of days on which pollution 
levels remained high had a very marked effect on the severity of the episode. 
Temperatures were also a factor affecting the daily mortality increases. Most of the 
severe episodes with increased mortality occurred during the winter. For this reason, 
the relationship between high-volume samples and COH data was based on winter data 
only (November to March). 
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An Air Pollution Alert System 

An Air Pollution Index of less that 32 is considered acceptable. At these 
levels concentrations of sulphur dioxide and particulate matter should have little or 
no effect on human health. At the Advisory Level at which the Air PollutiDn Index = 
32, and meteorological conditions are expected to remain adverse for at least six 
more hours, owners of significant sources of pollution in the community in which this 
Index occurs may be advised to prepare to curtail operations. 

The "First Alert" occurs when the Air Pollution Index reaches 50 and meteorological 
forecasts indicate high pollution potential conditions for at least six more hours. 
Owners of major sources may be ordered to curtail operations. 

P.J. Lawther reported that patients with chronic respiratory disease may 
experience accentuation of the symptoms during SO^, levels of .21 ppm and particulate 
levels of 300 ug/m3 corresponding to 1.3 COH. At this level the Air Pollution Index 
is equal to 58. This evidence as well as studies by B.W. Carnow et al^ formed a 
basis for the proposed "First Alert" at 50, which incorporates a safety factor. 

If the abatement action does not succeed to lower the levels of the Index, the 
"Second Alert" will be issued when the Index of 75 is reached and high pollution 
potential conditions are forecast for at least six more hours. Further curtailment 
of operations of sources producing emissions of pollution will be ordered. 

At the "Air Pollution Episode Threshold Level" at which the Index reaches 100 
and is forecast to continue for at least six more hours, owners of all sources not 
essential to public health or safety will be ordered to cease operations. At this 
level the conditions could have mild effects on healthy people and seriously endanger 
those with severe cardiac or respiratory disease. 

The Index went into effect in Toronto on March 23, 1970, and was gradually 
expanded to other cities in the Province. It went into operation in Hamilton on 
June 15, 1970; Sudbury on January 16, 1971; Windsor on March 19. 1971; Niagara Falls 
on November 1, 1974; Coniston on February 18, 1975; New Sudbury on March 1. 1976; 
Sarnia on December 1, 1977; and St. Catharines on September 14. 1979. Welland was on 
the Index from 1974 to 1978. 

Grey Cup Smog 1962 

In retrospect, the highest Air Pollution Index occurred in Toronto during 
November 30 to December 4, 1962, with the level reaching a peak reading of 155 during 
the evening of December 1, 1962, and 125 during the early morning hours of December 4, 
1962. (See Figure 5.) Very light winds with temperatures ranging from 34 to 50 
degrees and relative humidity of 10 per cent prevailed throughout most of the period. 

While there is no recorded medical evidence of an increase in Toronto hospital 
admissions of people with respiratory illness during this period, a recent study by 
0. Levy, M. Gent and M.T. Newhouse^ has related API levels in Hamilton, Ontario, to 
hospital admissions among adults and children with acute respiratory illness. 
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Summary 

The Air Pollution Index has been designed for use as the basis of an Air Pollution 
Alert System. Where the Index has been in operation, owners of pollution sources 
have co-operated in decreasing their emissions when advised that levels of the Index 
were near or approaching the 32 level. These actions have helped maintain lower 
levels of pollution. In all areas, permanent pollution abatement programs are in 
progress which should prevent future high Index levels. 

The Index equation differs from place to place according to the relationship 
between particulate matter concentration, expressed in weight per unit volume of air 
and the measure of Coefficient of Haze, the design method followed, however, ensures 
that Index values have the same significance for each community. 

The equation for the Index could be readily modified to relate directly to con- 
centrations of suspended particulate matter, should an instrument become available 
capable of directly measuring and telemetering particulate concentrations on a 
continuous basis in the size range desired. 
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FIGURE 1: Relationship between the coefficient of Haze and 
high-volume sampler data for Toronto and New York 
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FIGURE 2: Air Pollution Index boundaries for values of 32, 

50, 75 and 100 with episode levels plotted. 

- 35b - 



600 



20% Incraos* <n Mortohly 
abov* Normol 



London 1962 



500 



400 



Some Excass Oeofhs in 
Age Group > 45 



New York 1962 



300 



Peak in Oeoth Rote super- 
imposed on High Deoths due 
to Influenza 



10% Increase in Morlolily 
above Normal 



New York 196? 



London 1959 



^ 



200 



Signifrccnt Increose 
in Oeoths 



60 E »c«ss Oeotns 



New YorK 1953 



Osaho 1962 



100 



Episode TrireiHoid Leve' 



Patients with Chronic RfS- 
pirofory Disease experience 
on occenfuoiion ofSymptoms 
obove on A P I of 56 



75 

50 
32 



Alert II 

Alert I 
Advisory level 



FIGURE J: Levels of the Air PoUutlon Index durlni! 
episodes nnd Ontario Aiurt System. 



- 357 - 



»0 



•0 



70 



SO 



SO 



*0 



30 



20 



10 



































1 

•• 


• ••• 

••• ■ 






• 
• 
•• 


• 
• 

• •■•Ma 






• 


• 
• 
•• 




, AOVISOffV LCVEL 


•• 








• 
•• 




< 


• 




•a 
> 




••«• 4 





f»9 7 



r«b a 



f«b 9 



r«b. 10. i9«9 
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APPENDIX B 



Surface Heather Maps: November 12 - 15, 1981 



U.S. Department of Commerce 
National Oceanic And Atmospheric Administration 
Environmental Data and Information Service 
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